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Preface 



The 990 CRU/TILINE Expansion — Installation and Operation manual provides an Introduction to 
the 990 input/output data buses and describes how to extend these buses into one or more 
additional chassis. This manual applies only to the low radiation (LR) expansions that meet VDE 
0871 and FCC Part 15 limits for radio-frequency interference and electromagnetic interference 
(RFI/EMI). 

Information in this manual is divided into three sections and one appendix: 

Section 

Introduction — Features, specifications, configurations, and physical descriptions. 

Installation — Site requirements, installation, cabling, and initial power-up procedures. 



Nonstandard and OEM Installation Data — Technical data for installations not part of a 
standard Texas Instruments system, or those including customer-designed devices. 



Appendix 

A 

B 



Multiprocessor Interface — Technical description of the multiprocessor interrupt 
protocol. 

Configuring the Multiprocessor Interface — Technical description of multiprocessor 
interface configuration. 



C Examples of TILINE Expansion Configurations. 

The following manuals are related to CRU and TILINE expansion: 

Title Part Number 

Model 990 A 13 Chassis, General Description 2308774-9701 

Model 990 A 13 Chassis, Field Theory and Maintenance 2308775-9701 

Model 990 A 13 Chassis, Depot Theory and Maintenance 2308776-9701 
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Introduction to CRU/TILINE Expansion 



1.1 GENERAL 

This manual describes the hardware that expands a Business System computer from the 990A13 
computer chassis into one or more additional chassis. Separate hardware extends the TILINE* 
high-speed parallel bus and the communications register unit (CRU) bus into an expansion 
chassis. An expansion chassis can include either one or both of these buses. 

1.2 REASONS FOR EXPANSION 

A Model 990A13 Chassis provides physical slot space, operating power, input/output (I/O) signal 
connections, and interrupt connections for up to 13 full-sized logic boards. With a full-sized logic 
board in slot 1, slots 2 through 13 can support a maximum of 24 half-sized logic boards. Most 
chassis include some combination of full-sized and half-sized logic boards. 

Some computer systems outgrow a single computer chassis because of the number of circuit 
boards. All of the logic boards necessary to handle a large number of communications devices, 
video display terminals, and mass storage devices may not physically fit in a single chassis. Also, 
with special (non-TI) circuit boards, it is possible to exceed the power supply ratings of a single 
chassis power supply. 

A TILINE or CRU expansion chassis kit provides a growth path to assure that power or physical 
slot space does not limit the size and capability of your computing system. These kits extend inter- 
rupt capability and the input/output buses to one or more additional chassis. An expansion 
chassis can include: 

• TILINE and interrupts 

• CRU and interrupts 

• TILINE, CRU, and interrupts 

This manual describes the hardware features, capabilities, and typical configurations for expan- 
sion. If you are planning to use standard Texas Instruments operating system software, you must 
check the software documentation to verify compatibility of the hardware and software. If you pur- 
chased your expansion kit as part of a Business System package, Texas Instruments takes care of 
hardware/software coordination. 



* TILINE is a registered trademark of Texas Instruments Incorporated. 
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CRU expansion is limited to computing systems that operate with a single central processor unit 
(CPU). TILINE expansion allows independent central processors to share resources such as 
memory and mass storage devices. TILINE expansion hardware provides facilities for true multi- 
processor operation of central processors in separate chassis. Multiprocessing requires special 
operating system software. 

1.3 CRU INPUT/OUTPUT SYSTEM INTRODUCTION 

All Business Systems and TMS 9900/99000-based central processors include the CRU bus. The 
CRU is a general-purpose serial input/output (I/O) bus. Every bit on the CRU bus has a unique 
address, up to a maximum of 4096 input bits and 4096 output bits. The CRU bus, which connects to 
all slots in the chassis, is the main control and I/O data path for low-speed and medium-speed 
devices including: 

• Printers 

• Video display terminals (excluding Model 931) 

• Modems and other communications equipment 

The central processor instructions that drive the CRU bus can address each CRU bit individually, 
or in fields of 1 to 16 bits. These CRU instructions can set, reset, or check any individual CRU bit, 
transfer CRU data bits into memory, or transfer data bits from memory to the CRU bus. The CRU 
instructions are: 

• SBO — Set bit to logic one 

• SBZ — Set bit to logic zero 

• TB — Test bit 

• STCR — Store communications register 

• LDCR — Load communications register 

All of the CRU instructions depend on bits 3 through 14 of a CRU base address stored in central 
processor workspace register 12 (WR12). A CRU instruction word includes a signed displacement 
that adds to CRU base address bits 3 through 14. The sum is the CRU address output on CRUBIT3 
through CRUBIT15. 

Section 3 describes the CRU instructions and CRU address development in greater detail. The 
important thing to remember is that the last bit of the CRU base address in WR12 is ignored. If the 
displacement is zero, a CRU base address of 02C0ie results in an address of 0160ie on address 
lines CRUBIT3 through CRUBIT15. 

The CRU bus consists of 12 address lines (CRUBIT4 through CRUBIT15), one serial output line 
(CRUBITOUT), one serial input line (CRUBITIN), and an output clock line (STORECLK-). In a com- 
puter chassis, the central processor is the source of the CRU bus. Figure 1-1 is a simplified sche- 
matic of the CRU bus connections in a computer chassis. 
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Figure 1-1. Simplified Schematic of CRU Connections in a Computer Chassis 

Each CRU board has a block of bit addresses that it must recognize for read and write operations. 
To reduce the amount of decoding logic on each board, address decoding for most CRU boards is 
split between the central processor or CRU buffer in slot 1, and the CRU board. Module select 
signals from slot 1 assign a block of 16 CRU addresses to each half-slot connector in slots 2 and 
above. 
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The module select wiring has four practical effects: 

• CRU boards can be built in half-slot sizes. With a center card guide, two half-sized 
boards can share a slot. 

• Physical location in the chassis determines CRU addresses. A half-sized board decodes 
only the least significant four bits of the CRU address. 

• Any CRU board that needs 16 to 32 bits ties up a full chassis slot, even if the board is 
physically half-sized. Such a board must go into the right (P2) half-slot, which has two 
module select inputs. 

• Any board that needs more than 32 CRU bits must have full CRU address decoding on 
the board. 

Figure 1-2 shows the CRU base address assigned to each half-slot in a 990A13 chassis. The 
addresses on the figure are as they appear in workspace register 12 of the central processor. Note 
that the lowest CRU base address (000) appears at the P2 side of the highest-numbered slot. 

CRU expansion hardware and standard operating system software allow you to expand the CRU 
bus into a maximum of seven additional chassis. The main chassis that contains the central pro- 
cessor is always chassis 0. Expansion chassis numbers range from 1 to 7. 

For a CRU expansion chassis, you must add (by hexadecimal addition) an offset to every CRU base 
address shown in Figure 1-2. These offsets assure that every half-slot of every chassis responds to 
a unique block of CRU addresses. The offsets are: 



Expansion 
Chassis No. 



CRU 
Offset 



0400 
0800 
0C00 
1000 
1400 
1800 
1C00 



As an example, slot 10, connector P1 in the first expansion chassis has a CRU base address of 
0400™ + OOEOie = 04E0ie. 
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Figure 1 -2. CRU Base Address Assignments by Slot Location 

1.4 CRU EXPANSION 

A CRU expansion system requires: 

• CRU Expander LR, part number 2230730-0001 

• CRU Buffer LR, part number 2230725-0001 

• Shielded, 40-pin, twisted-pair cable (5 meters), part number 2308633-0003 

• Model 990A13 Expansion Chassis, part number 230901 9-xxxx 

• Type 13-1 Interrupt Board, part number 2310380-0001 
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These components replace the CRU expansion components phased out in 1983. The new low- 
radiation CRU expansion components can replace the older components without software 
changes. 

NOTE 

Components of the new CRU expansion- system cannot be inter- 
mixed with components of the older expansion system. The new 
low-radiation, self-grounding, shielded cable connectors do not . 
mate with the older CRU expander and buffer boards. If you have an 
older expansion system and and wish to add an additional buffer, 
contact Texas Instruments for advice. 

Table 1-1 lists the CRU expansion kits that are currently available, and Figure 1-3 shows the com- 
ponents of atypical expansion kit. 
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Table 1-1. CRU Expansion Kits 



Part Number 



Summary 



2310919-0013 Master CRU expansion kit LR, including chassis with NEMA 5-15 power plug 

(100/1 20 Vac) 

2310919-0014 Add-on CRU expansion kit LR (no expander), with same chassis as -0013 

2310919-0015 OEM master CRU expansion kit LR, including OEM chassis with US NEMA 

5-15 power plug ^ 

2310919-0016 OEM add-on CRU expansion kit LR (no expander), with same chassis as -0015 

2310919-0017 Master CRU expansion kit LR, including chassis with CEE(7)VII power plug 

(220 Vac) 

2310919-0018 Add-on CRU expansion kit LR (no expander), with same chassis as -0017 

2310919-0019 OEM master CRU expansion kit LR, including OEM chassis with CEE(7)VII 

power plug (220 Vac) 

231 091 9-0020 OEM add-on CRU expansion kit LR (no expander), with same chassis as -001 9 

2310919-0021 Master CRU expansion kit LR, including chassis with BSI 1363 power plug 

(240 Vac) 

2310919-0022 Add-on CRU expansion kit LR (no expander), with same chassis as -0021 

2310919-0023 OEM master CRU expansion kit LR, including chassis with BSI 1363 power 

plug (240 Vac) 

2310919-0024 OEM add-on CRU expansion kit LR (no expander), with same chassis as -0023 

2310919-0025 CRU expansion interface kit LR (no chassis), with expander, buffer, cable, and 

documentation 
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A single full-sized CRU expander board in the main chassis extends the CRU bus to a maximum of 
four expansion chassis. Two expander boards extend the CRU bus to a maximum of seven 
chassis. Each of these chassis must have a CRU buffer in slot 1. The CRU buffer replaces the cen- 
tral processor as the source of the CRU bus. Figure 1-4 is a simplified schematic that shows the 
CRU connections in an expansion chassis. 

A CRU buffer partially decodes the incoming CRU address and distributes the module select sig- 
nals to individual half-slot connectors. Also, the buffer scans interrupts from the chassis interrupt 
jumper connector. Slot 1 is the only slot that has wiring to scan interrupts and distribute module 
select signals. 

An expansion chassis has a display panel, part number 2309153-0001, instead of the control and 
display panel that appears on a computer chassis. The display panel has a single green POWER 
indicator. There are no overlays, controls, switches, or test connectors on the display panel. A 
plain overlay with the POWER indicator label is part of the upper trim panel. Otherwise, an expan- 
sion chassis is identical to a computer chassis. For additional information on the expansion 
chassis, refer to the Model 990A13 Chassis, General Description manual, part number 2308774- 
9701. 

1 .4.1 CRU Expander LR Physical Description 

Figure 1-5 is a photograph of the CRU expander logic board. Notice the grounded shield-stiff ener 
along the outer edge and the large ring-style ejector/injector tabs. These features identify the CRU 
expander as a shielded, low-radiation logic board. When a chassis is filled with shielded boards, 
the shield-stiffeners form a complete bulkhead that prevents electromagnetic interference (EMI) 
radiation. 

Four connectors, P3 through P6, penetrate the shield-stiffener. Additional shielding covers the 
connector bodies. The cable connectors that mate with P3 through P6 feature a metal shell that 
connects to chassis ground when the connector is inserted. 

A single shielded, twisted-pair cable connects the CRU expander in the main chassis to a CRU 
buffer in the expansion chassis. The four connectors on the outer edge allow the CRU expander to 
serve four expansion chassis. 
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Figure 1-4. Simplified Schematic of CRU Connections in an Expansion Chassis 
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1 .4.2 CRU Expander LR Jumper Options 

Table 1-2 lists the jumper options for a CRU expander. There are no option switches or address 
switches. 



Table 1-2. CRU Expander LR Jumper Schedule 



Jumpers 



Function 



Select reset source 

TILINE power reset, TLPRES- 

TILINE I/O reset, TLIORES (standard jumper setting) 

Interrupt scanner enable 

Enable interrupt address decode jumpers J6-J9 
(standard jumper setting) 

Module select A (MODSELA-) to interrupt scanner 

Module select B (MODSELB-) to interrupt scanner 

Interrupt address decode jumpers 

Chassis 1-4, CRU address F80 1 
(workspace register 12 = 1 F00) 

Chassis 5-7, CRU address F90 1 
(workspace register 12 = 1 F20) 

Chassis 9-12, CRU address FAO 2 
(workspace register 12 = 1 F40) 

Chassis 13-15, CRU address FBO 2 
(workspace register 12 = 1 F60) 

Notes: 

1 Physical address on lines CRUBIT4-15 is one-half of the address in workspace register 12. 

2 Nonstandard connection not supported by software. 



J1 


J2 


J5 
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J3 


J4 
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X 




X 
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1 .4.3 C RU Expander LR Specifications 

Table 1-3 summarizes the specifications of the CRU expander. 



Table 1 -3. CRU Expander LR (2230730) Specifications 



CRU Expansion Outputs 
Data transfer type 

Maximum data transfer rate: 

Output 
Input 

Interrupt provisions 

Reset features 

Chassis space requirement 
Dc power requirements 

Heat load 

Electromagnetic interference 

Environmental limits: 

Temperature: 

Operating 
Nonoperating 

Humidity: 

Operating 
Nonoperating 



Four per expander 

Synchronous, serial bit-addressable data transfers, 1 to 16 
bits per command 



Four million bits per second 
Two million bits per second 

One normal interrupt with encoded interrupt vector 
One direct (nonstandard) interrupt 

Optional connection to reset ail expansion chassis on 
main chassis power reset or I/O reset 

Any full slot except slot 1 

+ 5.0Vdc ±3% 
0.9 A typical 

1.4 A maximum 

(from chassis power supply) 

4.5 watts typical 
7.2 watts maximum 

Meets RFI/EMI limits of VDE 0871 (level A) and FCC docket 
20780 (class A) when installed in a low-radiation chassis 



0°to65 o C(32 o to149°F) 

- 40 to 70 °C ( - 40° to 158°F) 



to 95% noncondensing 
0to95% noncondensing 
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1.4.4 CRU Buffer LR Physical Description 

Figure 1-6 is a photograph of the CRU buffer logic board. The buffer has two connectors on the 
shield-stiffener. P3, a 40-pin connector, mates with the cable from one of the four CRU expander 
connectors. The small 20-pin connector at the right side drives the display panel POWER indicator. 

A single shielded, twisted-pair cable connects the CRU expander in the main chassis to a CRU 
buffer in the expansion chassis. The four connectors on the outer edge allow the CRU expander to 
serve four expansion chassis. 
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1.4.5 CRU Buffer LR Jumper Options 

Table 1-4 lists the jumper options for a CRU buffer. There are no option switches. 



Table 1-4. CRU Buffer LR Jumper Schedule 



Jumpers 



J1 



J2 JMO 



X 
X 

X 



Function 



Interrupt scanner control 

Scan interrupts (standard jumper setting) 

Direct interrupt to expander 

Enable interrupt level on TLADR19- line* 

Accept interrupt levels 16 through 31 * 

Chassis number select 1 through 7 (Removable Jumpers on IC 
socket XU10) 



JI16 through JI31 
U10-1toU10-7 

Note: 

* Nonstandard connections are not supported by software. 
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1.4.6 CRU Buffer LR Specifications 

Table 1-5 summarizes the specifications of the CRU buffer. 



Table 1-5. CRU Buffer LR (2230725) Specifications 



Data transfer type 



Synchronous, serial bit-addressable data transfers, 1 to 16 
bits per command 



Maximum data transfer rate: 

From expander 
To expander 

Interrupt provisions 



Reset features 



Chassis space requirement 



Dc power requirements 



Heat toad 

Electromagnetic interference 

Environmental limits: 

Temperature: 

Operating 
Nonoperating 

Humidity: 

Operating 
Nonoperating 



Four million bits per second 
Two million bits per second 

Interrupt priority encoder samples 16 interrupt level Inputs 
(jumper options to 32 levels) 
One direct (nonstandard) interrupt 

Reset on command from expander and from local chassis 
power reset 

Slot 1 of expansion chassis (1 buffer maximum per 
chassis) 

+ 5.0Vdc ±3% 
0.9 A typical 

1.4 A maximum 

(from chassis power supply) 

4.5 watts typical 
7.2 watts maximum 

Meets RFI/EMI limits of VDE 0871 (level A) and FCC docket 
20780 (class A) when installed in a low-radiation chassis 



0°to65 o C(32 o to149°F) 
-40to70°C(-40°to158'F) 



to 95% noncondensing 
to 95% noncondensing 
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1.4.7 Cabling Configurations for CRU Expansion 

A minimum CRU expansion adds 11 CRU slots, because the CRU expander fills a slot in the com- 
puter chassis and the CRU buffer fills slot 1 of the expansion chassis. Figure 1-7 shows the 
cabling for a minimum expansion. Notice that the chassis number select jumper on CRU buffer 
socket XU10 is in the chassis 1 position. 

Figure 1-8 shows the cabling for four expansion chassis, the maximum allowable for a single CRU 
expander. By convention, CRU expander connector assignments are: 



Connector 


Chassis 


P3 


1or5 


P4 


2or6 


P5 


3or7 


P6 


4 (only) 



Figure 1-9 shows the cabling for the largest standard expansion. This system adds a net of 82 avail- 
able slots after subtracting the CRU expander and buffer slots. 

NOTE 

The second highest CRU base address, >1EC0 (which corresponds 
to the second highest CRU base address for expansion chassis 
number 7), cannot be used as a base address when the main chassis 
CPU is a 990/1 OA. The 990/1 0A defines the CRU address range from 
> 1 EC4 to > 1 ECE as a privileged area for use with external instruc- 
tions only. This restriction does not affect the highest CRU base 
address, > 1 EEO, which is still available for use. 

A value preceded by a right angle bracket (>■) indicates a hexa- 
decimal value. 
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Figure 1-7. Cabling — Minimum CRU Expansion 
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1.5 TILINE INTRODUCTION 

All central processors In the Business Systems 600 and Business Systems 800 family include 
Texas Instruments' patented TILINE. The TILINE is an asynchronous, high-speed, parallel data 
transfer bus with associated address and control lines. A 16-bit word is the smallest unit of data on 
the TILINE. The TILINE links the central processor, memory, and high-speed peripheral device 
controllers such as disk controllers and tape controllers. Some communications and terminal con- 
trollers have data rates that exceed CRU capabilities and connect to the TILINE. Data transfer 
rates up to 50 million bits-per-second are possible on the TILINE. Delays due to TILINE couplers 
decrease this rate for chassis-to-chassis transfers. 

The TILINE is incorporated directly into the addressable memory space of the central processor. 
This means that a TILINE address appears to the central processsor like any memory location. 
Unlike the CRU, there are no special instructions to operate the TILINE. Any instruction that trans- 
fers data into or out of memory can operate the TILINE. 

Each 16-bit TILINE data word is accompanied by a 20-bit word address, for a total address range of 
over a million words. To take full advantage of this address space, the central processor must have 
memory mapping capability. All processors in the Business Systems 600/800 family include map- 
ping capability. 

1.5.1 Master/Slave Relationships 

Another major difference between the CRU and the TILINE is that TILINE control is distributed 
throughout a chassis, not centralized at the central processor. Two types of devices connect to the 
TILINE: TILINE masters that initiate data transfers, and TILINE slaves that accept or supply data in 
response to some TILINE master. Read or write data transfers always occur between a master and 
a slave. 

The central processor is one example of a master, and a cache memory board is one example of a 
slave. Disk controllers, tape controllers, and TILINE couplers act as slaves or as masters, depend- 
ing on the operation. Each slave device recognizes a specific range of addresses, set by switches 
or jumpers. Every slave monitors the TILINE address lines, but remains inactive until it decodes an 
address in its range. Slave addresses must be unique, or multiple slaves will attempt to respond to 
the common addresses. 

Master devices operate independently of each other, and may request access to the TILINE bus at 
any time. Access is first-come, first-served, unless the requests occur at the same time. Slot posi- 
tion determines priority for simultaneous requests. A scheduling scheme allows a master to 
reserve the next TILINE access during the current operation. This overlapping reduces the over- 
head time to transfer data between masters. When a master gains access to the bus, it must place 
a 20-bit address on the bus and exchange hand-shaking control signals for each data word it trans- 
fers to or from a slave. 

Most masters transfer one word per access request, but the TILINE design allows multiple-word 
transfers. 
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1.5.2 TILINE Peripheral Control Space 

The TILINE peripheral control space (TPCS) is a block of addresses that are reserved for TILINE 
peripheral device controllers. This range includes 1024 byte addresses, extending from F800ie to 
FBFEn. In terms of the 20-bit word addresses that appear on the TILINE, the address range is 
FFCOOietoFFDFFie. 

To convert a TPCS byte address to a TILINE word address, precede the byte address by 1F (for 
example, F800 to 1FF800), convert to binary, delete the least significant bit, and reconvert to hexa- 
decimal form. 

Each TILINE peripheral controller, including the TILINE coupler, is assigned a block of addresses 
in the TPCS. The central processor uses these addresses for the control and status words that set 
up and monitor the coupler or controller operations. A TILINE coupler requires five addresses for 
control and status words WO through W4. 

1.6 TILINE EXPANSION 

TILINE expansion can be as simple as an extension of the TILINE bus to an additional 12 slots, or 
as complicated as a true multiprocessor link. The simplest expansion requires a TILINE coupler in 
each chassis and a set of three cables. 

TILINE coupler functions: 

Provide line drivers and receivers for data, address, and control signals 

Provide a switch-selected TILINE address range (window) for data transfers to the other 
chassis 

Add a switch-selected bias to addresses within the window — the bias shifts addresses 
In the window up or down to match the addresses in the other chassis 

Check parity on data and address transfers between chassis 

Provide one maskable and one nonmaskable direct interrupt between chassis, with 
switch-selected direction of flow 

Provide a true multiprocessing interrupt system under TPCS control 

Resolve timing conflicts between access requests that originate in separate chassis 

Extend the software interlock Instruction (ABS) to the other chassis 

Provide remote reset control and power status 

Provide full address switch, bias switch, and option switch setting checks by software 

Provide extensive function control and status checks by software 
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Tl LINE expansion requires the following hardware: 

• TILINE Coupler LR, part number 2230735 (two minimum) 

• Data cable (40-pin, 5-meter, twisted-pair, shielded cable), part number 2308633-0003 

• Address cable (identical to data cable) 

• Control (vector) cable, part number 2230740-0001 

• Model 990A13 Expansion Chassis, part number 230901 9-xxxx 

• Programmable Interrupt Kit, part number 2309085-0001 

These components replace the TILINE coupler and cables phased out of production in 1983. The 
new low-radiation coupler has no CRU connections. Instead, the new coupler has a block of five 
TPCS words dedicated to status, control, and multiprocessor Interface operations. These TPCS 
words provide additional capability, and are not required for ordinary Interchassis TILINE read or 
write operations. 

NOTE 

Components of the new TILINE expansion kit cannot be directly 
connected to components of the older expansion system. The cable 
connectors and logic board connectors are not compatible. 

It is possible for old and new couplers to reside in the same chassis, 
connected by the backplane. For example, a computer chassis 
could have two TILINE expansion chassis, one served by a pair of 
older couplers and the other served by a pair of new (LR) couplers. 
Do not add older couplers into a computing system that is certified 
to meet the FCC and VDE EMI requirements. 

Table 1-6 lists the TILINE expansion kits that are currently available. 
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Table 1-6. TILINE Expansion Kits 



Part Number 



Summary 



2310920-0007 Master TILINE expansion kit LR, Including chassis with NEMA 5-15 power 

plug (100/120 Vac) 

2310920-0008 OEM master TILINE expansion kit LR, Including OEM chassis with US NEMA 

5-15 power plug 

2310920-0009 Master TILINE expansion kit LR, including chassis with CEE(7)VII power plug 

(220 Vac) 

2310920-0010 OEM master TILINE expansion kit LR, Including OEM chassis with CEE(7)VII 
power plug (220 Vac) 

2310920-0011 Master TILINE expansion kit LR, including chassis with BS1 1363 power plug 

(240 Vac) 

2310920-0012 OEM master TILINE expansion kit LR, including chassis with BS1 1363 power 

plug (240 Vac) 

2310920-0013 TILINE expansion interface kit LR (no chassis), with couplers, cables, and 
documentation 



1.6.1 TILINE Coupler LR Physical Description 

Figure 1-10 is a photograph of the TILINE coupler logic board. Notice the grounded shield- 
stiffener along the outer edge and the large ring-style ejector/injector tabs. These features identify 
the TILINE coupler as a shielded, low-radiation logic board. 

Four connectors, P3 through P6, penetrate the shield-stiffener. Connectors P3, P4, and P5 mate 
with the address, data, and control cables. P6, the small connector, drives the POWER indicator on 
the display panel of a chassis that does not include a central processor or a CRU buffer. 

Notice that there are six sets of miniature switches on the TILINE coupler board. These switches 
are: 

• Option switches 1 through 7 

• Option switches 8 through 1 2 

• TILINE address upper limit switches 

• TILINE address lower limit switches 

• TILINE address bias switches 

• Coupler TPCS base address select 
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1.6.2 TILINE Coupler LR Option Switches 

Table 1-7 lists the switch-selectable options for a TILINE coupler. Section 3 describes these 
options in greater detail. 



Table 1-7. TILINE Coupler LR Option Switches 



Option 
Switch 



Function When On (Closed) 



OSW1 Nonmaskable interchassis interrupt option 1. Enables interrupt from backplane 

(P2-66) to remote coupler. 

OSW2 Nonmaskable interchassis interrupt option 2. Enables interrupt from remote 

coupler to local backplane. Option switches 1 and 2 must not be closed in the same 
coupler. 

OSW3 TILINE I/O reset option 1. Enables local TILINE I/O reset signal to send a reset to 

remote coupler. 

OSW4 TILINE I/O reset option 2. Enables reset (from other coupler) to generate TILINE I/O 

reset in the local chassis. Option switches 3 and 4 must not be closed in the same 
coupler. Do not close option switch 4 if there is a CPU in the same chassis. 

OSW5 Interrupt mask defeat option. Bypasses the mask for the maskable interchassis 

interrupt. When option switch 5 is closed, the maskable interrupt is always enabled 
and bit 3 of TPCS word 2 (read) is always 1. Option switch 5 must be open to use the 
multiprocessor interface. 

OSW6 Remote chassis write disable. Prevents the local chassis from writing to the remote 

coupler. 

OSW7 Maskable interchassis interrupt option. Enables the TPCS-maskable interrupt from 

the backplane (P1-66) to the remote coupler. Never set option switch 7 on both 
couplers. Option switch 7 must be open to use the multiprocessor interface. 

OSW8 TPCS block enable to remote coupler. Cannot be mapped by TPCS control. Dis- 

ables mapping to block of OSW9, OSW10, and OSW1 1 . 

OSW9 TPCS block 1 enable to remote coupler. Can be mapped to block of remote TPCS 

by local TPCS control. 

OSW10 TPCS block 2 enable to remote coupler. Can be mapped to block of remote TPCS 

by local TPCS control. 

OSW11 TPCS block 3 enable to remote coupler. Can be mapped to block of remote TPCS 

by local TPCS control. 

OSW12 TPCS block 4 enable to remote coupler. Enable complete TPCS to remote coupler. 

Supersedes block through 4 selection by option switches 8 through 1 1 . Cannot be 
mapped by TPCS control. 
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Option switches 8 through 12 control TPCS address transfers to the remote chassis and are inde- 
pendent of the address upper limit, lower limit, and bias switches. These switches allow a central 
processor in the local chassis to issue commands or check the status of TILINE controllers in the 
remote chassis. 

The TILINE coupler divides the TPCS addresses into block through block 4, where block 4 is the 
entire TPCS address range. Blocks through 3 each consist of eight 16-word groups. One block 
could drive 16 disk or tape controllers in the remote chassis. . 

Table 1-8 lists the option switch 8 through 12 settings and the corresponding TPCS address 
blocks. 
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Table 1 -8. TPCS Address B locks for Transfer to Remote Chassis 



Option 
Switch 



TPCS 
Block 



OSW8 



TPCS Addresses to 
Remote Chassis 



F800 
F880 
F900 
F980 
FAOO 
FA80 
FBOO 
FB80 



F81E 
F89E 
F91E 
F99E 
FA1E 
FA9E 
FB1E 
FB9E 



OSW9 



F820 
F8A0 
F920 
F9A0 
FA20 
FAAO 
FB20 
FBAO 



F83E 

F8BE 

F93E 

F9BE 

FA3E 

FABE 

FB3E 

FBBE 



OSW10 



F840 
F8C0 
F940 
F9C0 
FA40 
FACO 
FB40 
FBCO 



F85E 

F8DE 

F95E 

F9DE 

FA5E 

FADE 

FB5E 

FBDE 



OSW11 



F860 
F8E0 
F960 
F9E0 
FA60 
FAEO 
FB60 
FBEO 



F87E 
F8FE 
F97E 
F9FE 
FA7E 
FAFE 
FB7E 
FBFE 



OSW12 



F800 - FBFE 
(Entire TPCS) 
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Control bits in the local TPCS word allow the local coupler to bias TPCS block 1, 2, or 3 to block 
of the remote chassis TPCS. Table 1-9 shows the mapping for each of the TPCS blocks. 



Table 1-9. TPCS Block Mapping 



TPCS Bias Enable 






(WO, Bits 2, 3) 






Bit 2 Bit 3 


Local TPCS 


Remote TPCS 





Direct block 

transfer, no 

mapping 




1 


F820 to F83E 


F800toF81E 




F8A0 to F8BE 


F880 to F89E 




F920 to F93E 


F900toF91E 




F9A0 to F9BE 


F980 to F99E 




FA20toFA3E 


FA00toFA1E 




FAAO to FABE 


FA80 to FA9E 




FB20toFB3E 


FBOOtoFBIE 




FBAO to FBBE 


FB80toFB9E 


1 


F840 to F85E 


F800toF81E 




F8C0toF8DE 


F880 to F89E 




F940 to F95E 


F900toF91E 




F9C0toF9DE 


F980 to F99E 




FA40 to FA5E 


FA00toFA1E 




FACO to FADE 


FA80 to FA9E 




FB40 to FB5E 


FBOOtoFBIE 




FBCOtoFBDE 


FB80toFB9E 


1 1 


F860 to F87E 


F800toF81E 




F8E0 to F8FE 


F880 to F89E 




F960 to F97E 


F900toF91E 




F9E0 to F9FE 


F980 to F99E 




FA60toFA7E 


FA00toFA1E 




FAEO to FAFE 


FA80 to FA9E 




FB60 to FB7E 


FBOOtoFBIE 




FBEOtoFBFE 


FB80 to FB9E 



Note: 

If OSW8 or OSW12 is closed, the mapping feature is disabled regardless of the TPCS bias 
enable bits. 
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1.6.3 TILINE Address Limit and Bias Switches 

Each TILINE coupler has two sets of switches that determine which addresses are passed on to 
the remote chassis. A third switch set adds a positive or negative bias to the passed addresses. 
Each set includes eight individual switches for an 8-bit binary address word. The minimum switch 
increment is eight kilobytes (four kilowords). 

The lower limit switches set the lowest address that the coupler recognizes for transfer to the 
remote chassis. The upper limit switches set the highest address for transfer to the remote 
chassis. These switch settings have no effect on the TPCS unless the upper limit switch setting is 
2048 kilobytes (1 FFFEie bytes or FFFFFie words). 

The bias adjusts the passed addresses to the desired range of addresses in the remote chassis. 
The following example shows the effect of the address limit and bias switches. 

Chassis A: Chassis B: 

Processor A Processor B 

Memory 1 (0 to 256K) Memory 1 (0 to 256K) 

Memory 2 (256K to 51 2K) Memory 2 (256K to 51 2K) 

Coupler A Coupler B 

Note: 

K equals 1024 bytes 

Assume that you want the processor in chassis A to share the second memory board in chassis B. 
The problem is how to convert a range of memory addresses in chassis A to the correct range of 
addresses in chassis B. Coupler A does the range selection and biasing before transmitting the 
address to coupler B. 

First, set the lower limit switch on coupler A to 512 kilobytes, which is the first address above the 
chassis A memory range. Set the upper limit switch to 768 kilobytes, which is the lower limit plus 
the size of the shared memory. The bias is negative 256 kilobytes. This bias moves chassis A 
addresses 512 through 768 kilobytes down to 256 through 512 kilobytes for transfer to coupler B. 
Drivers in coupler B put the address on the chassis B backplane, and the memory responds to the 
TILINE read or write command. 

NOTE 

If you set the TILINE address upper limit switch to the upper limit 
setting (FFFFFie words), there is a TPCS address conflict. TPCS 
addresses now have two paths to the remote chassis. This condi- 
tion may cause erratic operation that appears like a hardware 
failure. 
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1 .6.4 TILINE Coupler LR TPCS Base Address Switches 

Each TILINE coupler has a group of five dedicated control and status words in the TPCS. These 
words occupy five consecutive word addresses from the TPCS base address to TPCS base 
address + 4 word addresses. 

The TPCS base address is switch-selected in eight-word increments between TILINE addresses 
FFCOO and FFDF8 (central processor byte addresses F800 to FBFO). 

1 .6.5 TILINE Coupler LR Specifications 

Table 1-10 summarizes the specifications for the TILINE Coupler LR. 



Table 1-10. TILINE Coupler LR (2230735) Specifications 



Data transfer type 



Interrupt provisions 



Reset features 

Chassis space requirement 
Dc power requirements 



Asynchronous, parallel data transfers initiated by TILINE 
masters located anywhere on the bus 

Two interchassis interrupts (one maskable, one 
nonmaskable) with switch options for direction of flow 

Multiprocessor interrupts under software control (requires 
multiprocessor software) 

Parity error interrupt 

Optional connection to reset all expansion chassis on main 
chassis power reset or I/O reset 

Any full slot 

+ 5.0 Vdc ± 3% 
3.0 A maximum 

- 5.0 Vdc ± 3% 
0.03 A maximum 
(from chassis power supply) 



Heat load 

Electromagnetic interference 

Environmental limits: 
Temperature: 
Operating 

Nonoperating 

Humidity: 

Operating 
Nonoperating 



15.6 watts maximum 

Meets RFI/EMI limits of VDE 0871 (level A) and FCC docket 
20780 (class A) when installed in a low-radiation chassis 



0° to 65 °C (32° to 149°F, derated 2°C for each 2500 ft 

elevation) 

- 40 to 70°C ( - 40° to 158°F) 



0to95% noncondensing 
to 95% noncondensing 
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1.7 TILINE COUPLER LR CABLING CONFIGURATIONS 

Figure 1-11 is a cabling diagram that shows how to connect two chassis by TILINE expansion. 
Notice that the data and address cables have the same part number. It is possible to accidentally 
cross-connect the data cable to the address connector and the address cable to the data con- 
nector. A crossed cable bit in one of the TPCS status words informs the software of the error. 

i 

The control (vector) cable is keyed so that it cannot be cross-connected. Note the vector arrow- 
head direction on the control cable. In cases of simultaneous coupler requests for the TILINE, the 
vector direction determines which coupler gets access. Priority goes down in the direction of the 
arrowhead. In Figure 1-11, chassis B has priority. 

TILINE couplers can be connected into many different network configurations. There are three 
fundamental restrictions: 

• It must not be possible for the TILINE of one chassis to address itself through the 
TILINE coupler, even after biasing through other couplers. This could happen in a circu- 
lar (ring) network if the address limits and biases are not selected carefully. 

• A TILINE coupler, cables, and chassis backplane all add delays in the signal path. 
Delays can become excessive if data must pass through multiple couplers and chassis. 

• A chassis containing two or more couplers cannot have more than one coupler control 
vector pointing into the chassis. Conflicting vectors defeat the purpose of the vector 
scheme and may lead to TILINE lockup. 
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VECTOR DIRECTION LABEL 



CABLE 2230740-1 (CONTROL) 



CABLE 2308633-3 (DATA) 






CABLE 2308633-3 




TILINE COUPLER LR 
2230735 



o 



P2 



CABLE 2230740-1 (CONTROL) 



CHASSIS A 



P1 




CABLE 2308633-3 
(DATA) 



TO DISPLAY PANEL 
J OF NO CRU BUFFER OR 
* CENTRAL PROCESSOR IN 

SLOT 1) 



CABLE 2308633-3 
(ADDRESS) 



TILINE COUPLER LR 
2230735 






P2 PI 

CHASSIS B 



2284383 
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2.1 GENERAL 

This section provides the information that you need to install and connect the CRU expansion and 
TILINE expansion hardware. Expansion chassis details are available in the chassis manuals, and 
are not repeated here. 

2.2 SELECTING A SLOT FOR THE CRU EXPANDER LR 

if you purchased your CRU expander as part of a Business Systems package, the slot selection is 
already done. Skip ahead to the slot installation description. 

The preferred slot for a CRU expander in a 990A13 chassis is slot 1 1 , with interrupt level 7 on P2-66. 
A CRU expander cannot share an interrupt level with another CRU expander, other CRU device, or 
Tl LINE device. Each CRU expander must have its own non-shared interrupt level. 

The type 13-1 interrupt board has interrupt level 7 on 11P2-66 and on 5P1-66. Whatever board goes 
in slot 5 should not generate interrupts on P1-66. Your alternatives are to: 

• Select a different slot for the CRU expander. 

• Install a programmable interrupt board that does not require the CRU expander to share 
an interrupt level. 

NOTE 

Preferred slot assignments may change with the introduction of 
new peripheral devices or operating system revisions. 

If your CRU expander has all of the standard jumper selections, skip ahead to the jumper verifica- 
tion description. 
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2.2.1 CRU Addresses Dedicated to the CRU Expander 

A CRU expander passes unmodified CRU addresses to as many as four CRU buffers. These 
addresses are totally independent of the slot location of the CRU expander board. Two CRU base 
addresses are dedicated to reading the interrupt vector word. These addresses are: 

CRU Base Address CRU Base Address 

(Workspace Register 12) (CRUBIT3-15) Interrupt Vector 

1F00 F80 Chassis 1-4 

1F20 F90 Chassis 5-7 

Jumper options allow you to choose CRU expander decoding of these two base addresses or to 
control decoding with a module select input. 

With the standard jumpers, onboard logic decodes the CRU base address for the interrupt vector 
word. This makes the addressing independent of CRU expander slot location. 

If jumper J4 or J5 is installed, the interrupt vector word is no longer independent of slot location. Tl 
standard operating system software does not support the jumper J4 or J5 option. 

2.2.2 CRU Expander Interrupts 

With standard jumpers, the CRU expander interrupt is on P2-66. This interrupt should not share an 
interrupt level with any other device, especially another CRU expander or a TILINE device. 

There is a nonstandard jumper option that allows an interrupt output on P2-65. The 990A13 back- 
plane does not have any connection to P2-65. To use this option, you have to custom-wire the CRU 
expander (P2-65 to P1-66) or add wires to the backplane. Tl operating system software does not 
support this option. 

2.3 PREPARING A SLOT FOR THE CRU EXPANDER LR 

No slot preparation is necessary for the CRU expander. 

2.4 VERIFYING THE CRU EXPANDER LR JUMPER OPTIONS 

Figure 2-1 shows the standard jumper options for a CRU expander board. J8 and J9 are the only 
jumpers that you can change without either cutting wire or soldering eyelets. Movable jumper J8 
selects the standard CRU base address for the chassis 1-4 interrupt vector. J9 selects the stan- 
dard CRU base address for the chassis 5-7 interrupt vector. 

Verify the jumper configuration on your board by reference to Figure 2-1 . 
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2.5 INSTALLING AND CABLING THE CRU EXPANDER LR 

Section 2 of the Model 990A13 Chassis, General Description manual describes how to install 
shielded logic boards in a 990A13 chassis. Install the CRU expander by following the installation 
procedure for shielded logic boards. 

Refer to the CRU expansion cabling drawings in Section 1. If your system has only one expansion 
chassis, select connector P3 for the output cable. Table 2-1 lists the connector assignments for 
systems with more than one expansion chassis. 

Table 2-1 . C RU Expander LR Con nee tor Assignments to Expansion Chassis 



Expansion 
Expander Connector Chassis 



1 P3 1 

1 P4 2 

1 P5 3 

1 P6 4 

2 P3 5 
2 P4 6 
2 P5 7 
2 P6 N/A 



NOTE 

Do not connect to P6 of a CRU expander board at workspace regis- 
ter 12 address 1 F20ie (absolute address F90ie). 

Because the connectors are close together, it is easier to install cables in the higher-numbered 
connectors first. By working right-to-left (from P6 to P3), you always have clear access to the 
connectors. 

Install each cable as described in Section 2 of Model 990A13 Chassis, General Description. 



2.6 CRU BUFFER LR SLOT SELECTION 

Both the interrupt and the CRU module select wiring require that you install the CRU buffer in slot 
1 of the expansion chassis. No other slot selection will work. 



2-4 2272075-9701 



Installation 



2.7 CRU BUFFER LR SLOT PREPARATION 

If you purchased your CRU expansion system as part of a complete Business Systems package, 
the interrupt wiring is done for you. Verify that the interrupt board is properly installed in the inter- 
rupt connector above slot 1 . Skip ahead to the buffer installation and cabling description. 

Interrupt levels from the interrupt connector are hardwired to chassis slot 1. Connections between 
slot 2 through 13 interrupt outputs and the CRU buffer interrupt level inputs are made by the plug- 
in interrupt board. 

2.8 VERIFYING THE CRU BUFFER LR JUMPER OPTIONS 

Figure 2-2 shows the standard jumper options for a CRU buffer board. A chassis number select 
jumper on socket XU10 is the only jumper you can change without either cutting wire or soldering 
eyelets. Chassis are numbered 1 through 7, from left to right on the socket. There must be a 
chassis number select jumper in socket XU10. 

Verify the jumper configuration on your board by reference to Figure 2-2. 
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2.9 INSTALLING AND CABLING THE CRU BUFFER LR 

Section 2 of the Model 990A13 Chassis, General Description manual describes how to install 
shielded logic boards in a 990A13 chassis. Install the CRU buffer by following the installation pro- 
cedure for shielded logic boards. 

Refer to the CRU expansion cabling drawings in Section 1. If you have more than one expansion 
chassis, make sure that you have the correct cable from the CRU expander. Cable connector 
assignments appear in Table 2-1 . 

NOTE 

The chassis number select jumper position and the CRU expander 
output connector must agree as shown in Table 2-1 . 

Section 2 of the Model 990A13 Chassis, General Description manual describes how to cable a 
shielded logic board. Connect the 2308633-3 expansion cable to CRU buffer connector P3 by fol- 
lowing the procedure in the general description manual. 

Follow the instructions for connecting the display panel, and connect the display panel cable to 
CRU buffer board connector P5. Figure 2-3 shows how to connect the display panel cable. 
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Figure 2-3. Connecting the Display Panel 



2.10 SELECTING A SLOT FOR THE TILINE COUPLER LR 

If you purchased your TILINE coupler as part of a Business Systems package, the slot selection is 
already done. Skip ahead to the slot installation description. 

The preferred slot for a TILINE coupler in a 990A13 computer chassis is slot 6. In a TILINE expan- 
sion chassis, the preferred location is slot 1. If the chassis also contains a CRU buffer, the coupler 
preferred location becomes slot 2. The CRU buffer, if any, must be in slot 1. There are no currently- 
defined preferred slot locations in multiprocessor systems. 
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2.11 PREPARING A SLOT FOR THE TILINE COUPLER LR 

You must remove the TILINE access-granted (TLAG-) jumper associated with the TILINE coupler 
slot. Refer to Section 2 of Model 990 A13 Chassis, General Description for the procedure. 

2.12 VERIFYING THE TILINE COUPLER LR SWITCH SETTINGS 

There are no jumper options on the TILINE coupler board. All of the options are switch-selectable, 
as are the TPCS base address, upper and lower address limits, and the address bias. 

Section 3 of this manual describes all of the option switch settings. 

Figure 2-4 is a switch chart that you can use to verify the switch settings. Make copies of the blank 
chart when you initially choose the options and addresses. Enter the switch settings on the copies 
and save them for future use. 

The TILINE coupler words in the TPCS allow a software verification of all switch settings on the 
TILINE coupler board. 
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COUPLER ID. 



CHASSIS. 



SLOT NO . , 



OPTION SWITCHES 8~ 1 2 



(8) (9)<10X11 XI 2) 


«.rTTTTl 


I — i — i — i — i — r 


°" L±J-.LJ-.J 


12 3 4 5 



INTERRUPT LEVELS) S) 



MULTIPROCESSOR 
AUX/HOST. 



P1-66 
P2-66 



VECTOR direction: 

INCOM ING 

O UTGO I NG 



OPTION SWITCHES 1-7 


«,rTTTT"T"l — 1 

) — 1 — 1 — 1 — I--I-H 1 

OFF L._L._L.J_.l.L.LJ 

1 2 3 4 5 6 7 



NOTES: 

1 . DO NOT USE ANY OF THESE 
OPTION COMBINATIONS: 
1 AND 2 
3 AND 4 
5 AND 7 

2. UPPER LIMIT TILINE ADDRESS 

« SWITCH X 2000i6 +1FFE 16 BYTES 

3. LOWER LIMIT TILINE ADDRESS 
- SWITCH X 2000 t 6 BYTES 



(SEE NOTE 1) 



UPPER LIMIT SWITCHES 



on rT T "TTTT'TH 
I— h-4--+-+--H-+"+"i 



OFF 



LSB- 8 KILO- 
BYTES 
; (4 KILO- 
WORDS) 



BIAS SETTING IS 8 MOST SIGNIFICANT 

BITS OF SUM : 

TWOS COMPLEMENT OF LOWER LIMIT 

ADDRESS + REMOTE STARTING ADDRESS 

OMIT LSB FROM ALL BIAS 

CALCULATIONS 



OFF *• LOGIC 1 
(SEE NOTE 1) 



TPCS BASE ADDRESS 



LOWER LIMIT SWITCHES 



oMr"TTT T Tl 
\—\ — I — h-+— I— t 
I L.J..JL--L--L- J 

1 2 3 4 5 6 



OFF 



oNnT"T— nT"TT'T'l 

off lI.I_I.i.j..±.j.. 



OFF LOGIC 1 



OFF - LOGIC 1 
(SEE NOTE 3) 



BIAS SWITCHES 




LSB 



8 KILO- 
BYTES 
(4 KILO- 
WORDS) 



OTHER NOTES 



— . — 

oNrT-T"T"T"T--nrh 
i — i — i — i — i — i — i — i — ■ 

OFF l_L_L-L_L-J_.±-L J 

12 3 4 5 6 7 8 



OFF « LOGIC 1 
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2.12.1 TPCS Base Address Switch 

Five words in the TPCS are dedicated to TILINE coupler status and control words. These five 
words are distinct from the block of TILINE addresses that a coupler passes to another chassis. A 
six-section switch determines the lowest (base) address of the group of TPCS words. 

Table 2-2 shows typical settings for the TPCS base address switches. The table includes the cen- 
tral processor byte address and the corresponding 20-bit TILINE word address for each setting. 



NOTE 

Any switch section that is off corresponds to a logic 1 . 

Table 2-2. Typical TPCS Base Address Switch Settings 



TPCS Base 
Address Switch 
12 3 4 5 6 



Byte 
Address 



20-Bit 

TILINE 

Address 































1 1 

1 1 



1 1 
1 1 
1 1 
1 1 
1 1 
1 1 



1 



1 1 






1 
1 



1 1 
1 1 

1 1 



1 






1 
1 




1 
1 




1 
1 1 





F800 
F810 
F820 
F830 
F840 
F850 
F860 
F870 
F880 
F890 
F8A0 
F8B0 
F8C0 
F8D0 
F8E0 
F8F0 

F900 
F910 
F920 
F930 
F940 
F950 
F960 
F970 
F980 
F990 
F9A0 
F9B0 
F9C0 
F9D0 
F9E0 
F9F0 



FFCOO 
FFC08 
FFC10 
FFC18 
FFC20 
FFC28 
FFC30 
FFC38 
FFC40 
FFC48 
FFC50 
FFC58 
FFC60 
FFC68 
FFC70 
FFC78 

FFC80 
FFC88 
FFC90 
FFC98 
FFCAO 
FFCA8 
FFCBO 
FFCB8 
FFCCO 
FFCC8 
FFCDO 
FFCD8 
FFCEO 
FFCE8 
FFCFO 
FFCF8 
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Table 2-2. Typical TPCS Base Address Switch Settings (Continued) 



TPCS Base 
Address Switch 
1 2 3 4 5 6 



Byte 
Address 



20-Bit 

TILINE 

Address 



1 1 
1 1 
1 1 
1 1 



1 1 



110 

110 1 

110 10 

110 11 



1 

1 1 

1 1 

1 1 1 



1110 
1110 1 



1 1 1 
1 1 1 



11110 



11110 

11111 



111111 



FA00 
FA10 
FA20 
FA30 
FA40 
FA50 
FA60 
FA70 
FA80 
FA90 
FAAO 
FABO 
FACO 
FADO 
FAEO 
FAFO 

FBOO 
FB10 
FB20 
FB30 
FB40 
FB50 
FB60 
FB70 
FB80 
FB90 
FBAO 
FBBO 
FBCO 
FBDO 
FBEO 
FBFO 



FFDOO 
FFD08 
FFD10 
FFD18 
FFD20 
FFD28 
FFD30 
FFD38 
FFD40 
FFD48 
FFD50 
FFD58 
FFD60 
FFD68 
FFD70 
FFD78 

FFD80 
FFD88 
FFD90 
FFD98 
FFDAO 
FFDA8 
FFDBO 
FFDB8 
FFDCO 
FFDC8 
FFDDO 
FFDD8 
FFDEO 
FFDE8 
FFDFO 
FFDF8 



Notes: 

1=off 
= on 



212 
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2.1 2.2 Lower Limit and Upper Limit Address Switch Settings 

Settings of the lower limit and upper limit address switches select a range of addresses that the 
TILINE coupler passes to a remote coupler. Addresses outside this range affect only the local 
chassis. TPCS addresses are an exception to this rule, as they are controlled by option switch 
selections and TPCS bias bits in TPCS word 0. 

Table 2-3 shows some examples of lower limit addresses and the switch settings for those limits. 
Table 2-4 shows examples of upper limit addresses and switch settings. 

NOTE 

Set the lower limit and upper limit switches to pass only the mini- 
mum number of addresses that must go to the remote chassis. If 
you set the address range too wide, the TILINE coupler may gener- 
ate un needed TILINE access requests in the remote chassis. The 
result is unnecessary delay of TILIN E operations. 



2272075-9701 2-13 



Installation 



Table 2-3. TILINE Coupler L.R Lower Limit Address Switch Settings 



Lower Limit Switches Byte Address 

12345678 Hexadecimal Kilobytes 















000000 











1 


002000 








1 





004000 








1 


1 


006000 





1 








008000 





1 





1 


00A000 





1 


1 





OOCOOO 





1 


1 


1 


00E000 





1 








010000 





1 





1 


012000 





1 


1 





014000 





1 


1 


1 


016000 





1 1 








018000 





1 1 





1 


01A000 





1 1 


1 





01C000 





1 1 


1 


1 


01E000 


1 











020000 


10 











040000 


11 











060000 


10 











080000 


10 1 











0A0000 


110 











OCOOOO 


111 











0E0000 


10 











100000 


10 1 











120000 


10 10 











140000 


10 11 











160000 


110 











180000 


110 1 











1A0000 


1110 











1C0000 


1111 











1E0000 


1111 


1 1 


1 


1 


1FE000 


Notes: 










1=off 










= on 










Starting address = 


switch setting (hex) 


x 2000 (hex) 





8 

16 

24 

32 

40 

48 

56 

64 

72 

80 

88 

96 

104 

112 

120 

128 

256 

384 

512 

640 

768 

896 

1024 

1152 

1280 

1408 

1536 

1664 

1792 

1920 

2040 
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Table 2-4. TILINE Coupler LR Upper Limit Address Switch Settings 



Upper Limit Switches 


Byte Address 




1 


2 


3 


4 


5 


6 


7 


8 


Hexadecimal 


Kilobytes 


























001 FFE 


8 























1 


003FFE 


16 




















1 





005FFE 


24 




















1 


1 


007FFE 


32 

















1 








009FFE 


40 

















1 





1 


00BFFE 


48 

















1 


1 





OODFFE 


56 

















1 


1 


1 


OOFFFE 


64 














1 











011 FFE 


72 














1 








1 


013FFE 


80 














1 





1 





015FFE 


88 














1 





1 


1 


017FFE 


96 














1 










019FFE 


104 














1 







1 


01BFFE 


112 














1 




1 





01DFFE 


120 














1 




1 


1 


01FFFE 


128 











1 














021 FFE 


136 











1 







1 





02FFFE 


192 











1 


1 




1 




03FFFE 


256 








1 





1 




1 




05FFFE 


384 








1 


1 


1 




1 




07FFFE 


512 





1 








1 




1 




09FFFE 


640 





1 





1 


1 




1 




OBFFFE 


768 





1 


1 





1 




1 




ODFFFE 


896 





1 


1 


1 


1 




1 




OFFFFE 


1024 


1 











1 




1 




11FFFE 


1152 


1 








1 


1 




1 




13FFFE 


1280 


1 





1 





1 




1 




15FFFE 


1408 


1 





1 


1 


1 




1 




17FFFE 


1536 


1 


1 








1 




1 




19FFFE 


1664 


1 


1 





1 


1 




1 




1BFFFE 


1792 


1 


1 


1 





1 




1 




1DFFFE 


1920 


1 


1 


1 


1 


1 




1 




1FFFFE 


2048 


Notes: 
















1 


= off 



















= on 
















Ending address 


= (Switch setting (hex) 


x 2000 (hex)) +1 FFE 
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2.12.3 Setting the Address Bias Switches 

Upper and lower limit address switch settings select a range of local chassis addresses. The 
coupler adds a bias to addresses in this range before sending them to the remote chassis. The 
effect of the bias is to map the address range in the local chassis to remote chassis addresses. 
This bias may be either positive or negative. 

To determine the bias switch settings, subtract the lower limit address in the local chassis from 
the desired remote starting address. The most significant eight bits of the result represent the 
desired bias switch settings. 

Follow these detailed steps to determine the bias switch settings: 

1 . Take the two's complement of the local starting address as follows: 

a. Write the binary representation of the address. This address must have 21 bits, to 
correspond to the full 2048-kilobyte TILINE address space. Do not omit leading 
zeros. 

b. Change all zeros to ones, and all ones to zeros (one's complement). 

c. Truncate the LSB (byte selector bit). 

d. Add one to the remaining 20-blt number, which converts the number to 20-bit two's 
complement. 

2. Write the remote chassis starting address as a 21 -bit binary number and then truncate 
the byte selector bit (LSB). Do not omit leading zeros. 

3. Add the 20-bit two's complement of the local address to the 20-bit remote chassis start- 
ing address. Adding the two's complement is the same as subtraction. 

4. The most significant eight bits of the sum represent the bias switch settings. Remember 
that logic 1 is off. 
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The following fully-worked examples show you how to determine bias switch settings. 

Local Chassis Remote Chassis 

Starting Address: 08000 Starting Address: 10000 

1 . Two's complement form of local starting address: 

a. Local starting address in binary: 

0000 1000 0000 0000 0000 (byte address) 

b. One's complement: 

1 11110111 1111 1111 1111 

c. Truncate the LSB: 

1 11110111 1111 1111 111 

d. Add 1 to the truncated complement: 

1 11110111 1111 1111 111 
+ 1 



1 1111 100000000000000 

2. Write the remote address as a 21 -bit binary number and truncate the LSB: 

0001 0000 0000 0000 000 

3. Add two's complement of local address to the remote address: 

00010000 0000 0000 000 
+ 1 1 1 1 1 1 000 0000 0000 000 



0000 1 000 0000 0000 000 



4. Use the eight most significant bits of the result to represent the switch settings (1 = off, 
= on). 

SW SW SW SW SW SW SW SW 

12 3 4 5 6 7 8 

ON ON ON ON ON OFF ON ON 



Example 2-1. Bias Switch Settings for a Positive Bias 
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The following example shows how to add a negative bias with the bias switches. 

Local Chassis Remote Chassis 

Starting Address: 16000 Starting Address: 04000 

1 . Two's complement of local starting address: 

a. Local starting address in 21-bit binary form: 

0001 01 1 0000 0000 0000 

b. One's complement: 

1 11101001 1111 1111 1111 

c. Truncate LSB: 

1 11101001 1111 1111 111 

d. Add one: 

1 11101001 1111 1111 111 
+ 1 



1 11101010 0000 0000000 (2's complement) 

2. Write the remote address as a 21 -bit binary number and 
truncate the LSB: 

0000 01 00 0000 0000 000 

3. Add two's complement of local address to the remote 
address: 

0000 01 00 0000 0000 000 
+ 1 11101010 00000000000 

1 11101110 0000 0000 000 

4. Switch settings: 

SW SW SW SW SW SW SW SW 

12 3 4 5 6 7 8 

OFF OFF OFF OFF ON OFF OFF OFF 

Example 2-2. Bias Switch Settings for a Negative Bias 
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Table 2-5 lists typical TILINE coupler bias switch settings. 



Table 2-5. Typical TILINE Coupler LR Bias Switch Settings 







Bias Switch 














1 


2 


3 


4 


5 


6 


7 


8 


Bytes 


Bias Kilobytes 




























000000 






























1 


002000 


+ 8 


(-2040) 






















1 





004000 


+ 16 


(-2032) 






















1 


1 


006000 


+ 24 


(-2024) 



















1 








008000 


+ 32 


(-2016) 



















1 





1 


00A000 


+ 40 


(-2008) 



















1 


1 





oocooo 


+ 48 


(-2000) 



















1 


1 


1 


00E000 


+ 56 


(-1992) 
















1 











010000 


+ 64 


(-1984) 
















1 








1 


012000 


+ 72 


(-1976) 
















1 





1 





014000 


+ 80 


-1968) 
















1 





1 


1 


016000 


+ 88 


-1960) 
















1 


1 








018000 


+ 96 


- 1952) 
















1 


1 





1 


01A000 


+ 104 


(-1944) 
















1 


1 


1 





01C000 


+ 112 


-1936) 
















1 


1 


1 


1 


01E000 


+ 120 


-1928) 













1 














020000 


+ 128 { 


-1920) 













1 


1 











030000 


+ 192 


-1856) 










1 

















040000 


+ 256 


- 1792) 










1 


1 














060000 


+ 384 


- 1664) 







1 




















080000 


+ 512 | 


-1536) 







1 





1 














0A0000 


+ 640 


-1408) 







1 


1 

















ocoooo 


+ 768 I 


-1280) 







1 


1 


1 














OEOOOO 


+ 896 < 


-1152) 



























100000 


+ 1024 | 


-1024) 












1 














120000 


+ 1152 I 


-896) 









1 

















140000 


+ 1280 | 


-768) 









1 


1 














160000 


+ 1408 I 


-640) 


























180000 


+ 1536 


-512) 











1 














1A0000 


+ 1664 


-384) 








1 

















1C0000 


+ 1792 


-256) 








1 


1 














1E0000 


+ 1920 I 


-128) 








1 


1 


1 











1F0000 


+ 1984 ( 


-64) 








1 


1 


1 


1 








1F8000 


+ 2016 I 


-32) 








1 


1 


1 


1 


1 





1FC000 


+ 2032 I 


-16) 








1 


1 


1 


1 


1 


1 


1FE000 


+ 2040 I 


-8) 




Notes: 




















1 = 


= off 




















= 


= on 
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2.13 INSTALLING AND CABLING THE TILINE COUPLER LR 

Section 2 of the Model 990A13 Chassis, General Description manual describes how to install 
shielded logic boards in a 990A13 chassis. Install the TILINE coupler LR by following the instal- 
lation procedure for shielded logic boards. 

Refer to the TILINE coupler cabling drawing in Section 1 . Remember that the direction of the con- 
trol cable vector is important in any system that has TILINE masters in an expansion chassis. 

Because the connectors are close together, installing cables in the lower-numbered connectors 
first is easier. By working from left to right (from P3 to P6), you always have clear access to the 
connectors. 

If the chassis has no central processor or CRU buffer board, connect the display panel cable to 
connector P6 as shown in Figure 2-3. 

NOTE 

Do not mix up the data and address cables. Connectors on these 
cables are physically identical. 

2.14 POWER-UP AND OPERATION 

Neither the CRU nor the TILINE expansion system Imposes any special power-up or power-down 
procedures. An expansion chassis has no operating controls on the display panel. An ON-1/OFF-0 
switch at the rear of the chassis controls ac power. A green POWER indicator on the display panel 
lights when ac power is on and the chassis is not reset (TILINE power reset inactive). 

There are no operating procedures associated with either the TILINE or the CRU expansion sys- 
tem. Parity indicators on the TILINE couplers are not normally visible to an operator. Parity indica- 
tors on both couplers light (red) when either coupler detects a parity error on an interchassis 
transfer. To verify expansion system operation, run the TLCPLR diagnostic for TILINE expansion 
systems, and the CRUEXP diagnostic for CRU expansion systems. 

NOTE 

Do not attempt to load the TILINE coupler diagnostic through a disk 
system that resides in the expansion chassis. A fault in either 
coupler can prevent the diagnostic from loading, and the diagnostic 
cannot provide any insight into the failure. 
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3.1 CRU INSTRUCTIONS AND ADDRESSING 

CRU operations divide naturally into two categories: those involving a single-bit transfer, and 
those involving input or output of several data or status bits. The addressing schemes for single- 
bit and multiple-bit operations are slightly different. 

3.1 .1 CRU Addressing for Single-Bit Operations 

There are three single-bit CRU instructions: test bit (TB), set bit to one (SBO), and set bit to zero 
(SBZ). For the two output operations, the central processor places a CRU bit address on CRUBIT4 
through CRUBIT15, and places the data bit on the CRUBITOUT line. A pulse on the CRU clock line 
(STORECLK-) loads the data bit into the CRU device. 

The TB instruction is an input instruction that transfers the addressed CRU bit from the CRUBITIN 
line to the status register. There is no CRU clock pulse for a CRU input read operation. 

Addresses for single-bit operations are based on a CRU base address in workspace register 12 
(R12) and a displacement contained in bits 8 through 15 of the instruction. The displacement 
allows two's-complement addressing from base address minus 128 bits to base address plus 127 
bits. 

Figure 3-1 shows the steps involved in address development. Bit 15 of the workspace register is 
ignored. Bits 3 through 14 are added to the signed displacement from the instruction. The sum is 
the CRU address for one bit. The address goes out to the backplane on the CRUBIT4-CRUBIT15 
lines. Only one CRU device can respond to that address. 

Notice that the CRU address on CRUBIT4 through CRUBIT15 is divided into three fields. The first 
field, CRUBIT4 through CRUBIT6, selects one of the eight possible chassis. Each CRU buffer has 
decoding logic and a chassis identification jumper to determine whether to further decode the 
incoming address. 

The next field, CRUBIT7 through CRUBIT11, is the module select field. A 5-bit field allows module 
select outputs through 31. In practice, a 13-slot chassis has wiring for module select outputs 
through 23. Each module is a block of 16 CRU bits. 

The last field, CRUBIT13 through CRUBIT15, selects the individual CRU bit within the 16-bit 
module. CRUBIT12 through CRUBIT15 are wired to each half-slot in the chassis. The only device 
that decodes the bit select field is the one that also has an active module select from a CRU buffer 
or central processor. 
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f o 1 2 3 4 5 6 7 8 9 10 1112 13 14 15 



CENTRAL . 
PROCESSOR < 
INTERNAL. 



I I 
XXX 



I I 1 1— I 1 1 T 



X = DON'T CARE 



+ 



:::::i 



8 9 10 11 12 1 3 14 15 

l I I I I I — r— 



BIT 8 

SIGN 

EXTENDED 



1 



12 3 

' I I 



I I 



I I I I I I 



14 



SET TO ZERO 

FOR ALL 

OFF BOARD 

CRU 

OPERATIONS 



CHASSIS 
BACKPLANE , 
CRU DEVICES. < 
CRU EXPANDER ^ 
AND BUFFER 



I 



cru base address 
;e 

2) 



I CRU BASE ADDRE5 
FROM WORKSPACE 
REGISTER 12 (R1 



CRUBIT CRUBIT 

4 5 6 7 8 9 101112131415 

I I I 



I I 



W^^\~ 



CHASSIS MODULE CRU BIT 

SELECT SELECT SELECT 

(CHASSIS 0-7) (MODSEL 0~31) (BIT 0"15) 



SIGNED DISPLACE- 
MENT FROM TB t 
SBO . OR SBZ 
INSTRUCTION 
(LEFT SHIFTED 
1 BIT) 



CENTRAL 
PROCESSOR 
INTERNAL ADDRESS 
BUS 



2284385 



Figure 3-1. CRU Address Development and Format — Single-Bit Instructions 
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3.1 .2 CRU Addressing for Multiple-Bit Operations 

A central processor performs two multiple-bit CRU instructions: load communications register 
(LDCR) and store communications register (STCR). LDCR and STCR can read or write any number 
of bits from 1 to 16 with a single instruction. 

An LDCR instruction includes a memory address for the source data bits, a displacement (from the 
base address in workspace^ register 12), and a bit count. This instruction fetches a word from 
memory and shifts the word to the right while incrementing the CRU address. STORECLK- pulses 
load each data bit into a register at the destination. 

If the LDCR operation involves eight or more bits, the bits come from the right-justified field in the 
addressed byte of the memory word. This is the upper byte (0 through 7) for even memory 
addresses and the lower byte (8 through 15) for odd addresses. If the LDCR involves more than 
eight bits, these bits come from the right-justified field within the whole memory word. 

NOTE 

A bit count of in an LDCR or STCR command transfers 16 data 
bits. 

Refer to Figure 3-2, which summarizes an LDCR operation. After each bit goes out on the 
CRUBITOUT line, the CRU address increments for the next bit. This addressing scheme results in 
an order reversal of bits; bit 15 (or bit 7) of the memory word becomes the lowest-addressed CRU 
bit in the CRU, and bit becomes the highest-addressed CRU bit. 

An STCR instruction, Figure 3-3, transfers data from the CRU to memory. An STCR instruction 
includes a memory destination address, a displacement from the CRU base address, and a bit 
count. For 8 bits or less, the incoming CRU data is right-justified in the addressed memory byte, 
with the leading bits set to 0. For 9 to 16 bits, the incoming data is right-justified in the full word, 
with the leading bits set to 0. Upon completion, the first bit from the CRU is in the least significant 
bit of the memory word or byte. 

3.2 CRU EXPANSION SYSTEM INTERCONNECTIONS 

Figure 3-4 shows the signal connections between the central processor, CRU expander, CRU buff- 
ers, and expansion chassis. Table 3-1 summarizes the CRU-related signals in the chassis back- 
plane, and Table 3-2 summarizes the signals between the expander and buffer. Notice that the CRU 
expander has four sets of identical signals at connectors P3-P6. The suffix on the signal name 
(A, B, C, or D) identifies connector P3, P4, P5, or P6 respectively. 
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M 15 



ooooooo i 



10 



CONTENTS OF WORKSPACE 
REGISTER R1 2 



CRU BASE ADDRESS (R12) - O 1 80 ) 6 



Zl 



ABSOLUTE CRU BASE ADDRESS - OCO 1 6 



CONTENTS OF 



CRU 




-1 NOTE RIGHT JUSTIFICATION 



IN FULL. WORO . DUE TO 
TRANSFER OF MORE THAN 
8 BITS. 



13-BIT TRANSFER- 
NOTE ORDER REVERSAL „ 
(LSB FIRST . MSB LAST) 



cSu^fi ^fcgjT)(^^ 0C6 X OClJ^H^^^ 



CRUBITOUT 



^CZXZTZ3CEXr]CZlX](3XZXIXOZl 



•~ — Lr~ir~ir~irirnrnr~u^irir~ir~ir~ u 



2284386 



Figure 3-2. Multiple-Bit CRU Output Operation — LDCR 
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. 




7 


8 










14 


15 




















1 





1 





1 


1 












CRU BASE ADDRESS (R 1 2) ■ 2B0t6 



CONTENTS OF 
WORKSPACE 
REGISTER 
R12 



1 


5 


8 



ABSOLUTE CRU BASE ADDRESS - 1 58^ 6 



CRUBIT 



'"-"* WEXHXEJEJJEM 



CRUBIT1N V 



MEMORY 

ADDRESS 

102 



■ 




7 8 



^ v 

UPPER BITS 

SET TO 

ZERO 



15 



ooo edc ba 



LOWER BITS UNMODIFIED 
DUE TO TRANSFER OF 

LESS THAN 8 BITS 

ADDRESSED TO EVEN 

(UPPER) BYTE 



2284387 



Figure 3-3. Multiple-Bit CRU Input Operation — STCR 
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| l~vcc 



MAIN CHASSIS (CHASSIS 0) 
CRUB1T(4-1 5) 



CENTRAL 

PROCESSOR 

UNIT 



CRU ADDRESS 



(SEE TABLE BELOW) 



CRUB1TOUT 



CRU OUTPUT DATA 



STORECLK- 



CRU WRITE CLOCK 



CRUBITIN 



CRU INPUT DATA 



INTERRUPT LEVELS 0-15 



INT A- NORMAL INTERRUPT P2-66 



INTERRUPT I 
CONNECTOR I 



1NTC- DIRECT INTERRUPT P2-65 



I I 



P1-66 
P2-48. 



TIL1NE I/O RESET 



T1LINE POWER RESET 



CRU ADDRESSES 


CRUBIT4 


PI 


-56 


CRUBIT5 


PI 


-54 


CRUBIT6 


P1 


-52 


CRUBIT7 


PI 


-50 


CRUBIT8 


PI 


-62 


CRUBIT9 


PI 


-64 


CRUBIT10 


PI 


■68 


C*"°'T1 1 


P1 


-70 


CRUBIT1 2 


P1 


-36 


CRUBIT13 


PI 


-32 


CRUBIT14 


PI 


-38 


CRUBIT15 


Pt" 


"34 



INTERRUPT NOTES 

NORMAL INTERRUPT CP2-66) 
CANNOT SHARE AN INtERRUPT 
LEVEL WITH ANY OTHER DEVICE 
RESTRICTION IMPOSED BY 
STANDARD SOFTWARE. 

TO USE DIRECT INTERRUPT 1NTC- 
P2-65 MUST BE WIRED TO PI -66 
ON EXPANDER BOARD 



CRU 
EXPANDER LR 
ASSEMBLY: 

2230730 
LOGIC : 
2230732 



CABLE 2308633 
(ONE PER BUFFER) 



(SEE TABLE BELOW) 
EB1T(4A-I5A) CRU EXPANDER ADDRESS 



EBIT(4-15) 



P3-31 EDATAOUTA CRU EXPANDER OUTPUT DATA 



EDATAOUT P3~31 



P3-2 ESTORECLKA- CRU EXPANDER WRITE CLOCK 



ESTORECLK 



P3-2 

* 



P3-29 DATAIN1 



INPUT DATA. CHASSIS I OR 5 



P3-37 CHPRESA- 



CHASSIS (1 OR 5) PRESENT 



CHPRES- P3-37 



P3-33 INTPRESA- INTERRUPT PRESENT. CHASSIS 1 OR 5 INTPRES P3~33 



P3-35 IREQA- 



SER I ALLY-ENCODED INTERRUPT ID. CHASSIS 1 OR 3 5 39 



DIRECT (NON-SCANNED) INTERRUPT, REQUEST 1 * P3-35 



P3-3 RESETA- 



EBIT4B 


-EBIT15B 




P4-31 


EDATAOUTB 




P4-2 


ESTORECLKB 




P4-29 


DATA IN 2 




P4-37 


CHPRESB- 




P4-33 


1NTPRESB- 




P4-39 


1DB- 




P4-35 


IREQB- 




P4-3 


RESETB- 




EBIT4C 


-EBIT15C 




P5-31 


EDATAOUTC 




P5-2 


ESTORECLKC 




P5-29 


DATA IN 3 




P5-37 


CHPRESC- 




P5-33 


INTPRESC- 




^P5-39 


IDC- 




P5-35 


IREQC- 




P5-3 


RESETC- 




EBIT4D- 


-EBIT15D 




P6-31 


EDATAOUTD 




P6-2 


ESTORECLKD- 




P6-29 


DATAIN4 




^P6-37 


CHPRESD- 




P6-33 


INTPRESD- 




JP&- 39 


1DD- 




P6-35 


IREQD- 




P6-3 


RESETD- 


■♦ 



CRU BUFFER , 
«^SLOT 1 OF 
r EXPANSION CHASSIS 

NO. 2 ( OR 6) 



CRU BUFFER , 
v^SLOT 1 OF 
^EXPANSION CHASSIS 

NO. 3 (OR 7) 



CRU BUFFER , 
^SLOT 1 OF 




CRU 
BUFFER LR 
ASSEMBLY: 

2230725 
LOGIC : 
2230727 



CRU ADDRESS 
SIGNAL* 


EXPANDER 
PIN* 


BUFFER 
PIN 


EB1T4(L) 


P(X)-5 


P3-5 


EBITS(L) 


P(X)-7 


P3-7 


EBIT6(L) 


P(X)-9 


P3-9 


EBIT7(L) 


P(X)-11 


P3-1 1 


EBIT8(L) 


P(X)-I3 


P3-13 


EBIT9(L) 


P(X)-I5 


P3-1 5 


EBITIO(L) 


P(X)-17 


P3-1 7 


EBIT1 1(L) 


P(X)-19 


P3-19 


EBIT1 2(L) 


P(X)-21 


P3-21 


EBIT13(L) 


P(X)-23 


P3-23 


EBIT14(L) 


P(X)-25 


P3-25 


EBIT15(L) 


P(X)-27 


P3-27 


NOTE:* 






CHASSIS=1 


2 3 4 5 


6 7 


(L) =A 


B C D A 


B C 


P(X) -P3 


P4 P5 P6 P3 


P4 P5 



(SEE TABLE) MODSELQ- 



MODULE SELECT ^PARTIALLY DECODED ADDRESS,. 



MODS EL 23" 



MODSEL24- 



MODSEL31- 



CRUBIT4-15 



(SAME PINS AS IN CHASSIS 0) 



CRUBITOUT 



PI -60 



LCRU BUS TO 

•'SLOTS 2-n 



INTO- 



INTI- 



1NT1 5- 



1NT16IN- 



INT31 IN- 



. CHASSIS 
^INTERRUPT 
CONNECTOR 



:} 



SLOTS 2-n 



EXPANSION CHASSIS NO. 1 (OR 5) 



BUFFER 


MODULE 


SELECT OUTPUTS 


MODSELO- 


P1-23 


MODSEL16- P2-38 


MODSEL1- 


P1-35 


MODSEL17- P2-36 


MODSEL2- 


P1-37 


MODSEL18- P2-34 


MODSEL3- 


P1-43 


MODSELI9- P2-32 


MODSEL4- 


P1-44 


MODSEL20- P2-22 


MODSEL5- 


P1-45 


MODSEL2I- P2-18 


MODSEL6- 


P1-46 


MODSEL22- P2-I6 


MODSEL7- 
MODSEL8- 


Pt-47 
P1-48 


MODSEL23- P2-13 


MODSEL24- P2~61* 


MODSEL9- 


P1-49 


MODSEL25- P2-63* 


MODSEL10- 


PI-51 


MODSEL26- P2-43* 


MODSEL1 1- 


P1-53 


MODSEL27- P2-45* 


MODSEL1 2- 


P1-6I 


MODSEL28- P2-2 1* 


MODSEL1 3- 


P1-67 


MODSEL29- P2-33* 


MODSFL1 4- 


P1-69 


MODSEL30- P2-23* 


MODSEL1 5- 


Pl-76 


MOOSEL3I- P2-20* 

NOTE : 

*MODSELf24-31 )- ARE 
RESERVED FOR FUTURE 
USE . JUMPERS ARE 
NOT INSTALLED IN 
STANDARD BOARD . 



BUFFER MODULE INTERRUPT INPUTS 



INTO- P2-31* INTI6IN- 

INT1- PI-65** INT17IN- 

1NT2- P1-66 INT18IN- 

1NT3- P2-24 INT19IN- 

INT4- P2-46 INT20IN- 

INT5- P2-48 INT21IN- 

INT6- P2-50 INT22IN- 

INT7- P2-52 INT23IN- 

INT8- P2-54 INT24IN- 

INT9- P2-56 INT25IN- 

1NT10- P2-58 INT26IN- 

INTI1- P2-62 INT27IN- 

INT12- P2-64 INT28IN- 

INT13- P2-65 INT29IN- 

INT14- P2-66 INT30IN- 

INT15- P2-68 INT3IIN- 
NOTES: 

*' NT <?r ot 1 r , , T D 6IN -3 1' N )- ARE RESERVED FOR 
FUTURE USE. JUMPERS ARE NOT INSTALLED ON 
STANDARD BOARD. 
**' N IJ.~ -. ' S JUMPER-SELECTABLE FOR SCANNED 
INTERRUPT (JUMPER J2) OR DIRECT INTERRUPT 
(JUMPER J| ) 



P2-55* 

P2-44* 

P2-51* 

P2-53* 

P2-57* 

P2-59* 

P2-47* 

P2-49* 

P2-17* 

P2-19* 

P2-10* 

P2-1 2* 

P 2- 1 I * 

P2-1 5* 

P2-8* 

P2-9* 



Hgure 3-4. CRU Expansion System 
Signal Connections 
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Table 3-1. CRU Interface Signals in the Chassis Backplane 



Signature 



Slotl 
Pin Number 



Slot 2-13 
Pin Number 



Function 



CRUBIT4 


P1-56 


P1-56 


CRUBIT5 


P1-54 


P1-54 


CRUBIT6 


P1-52 


P1-52 


CRUBIT7 


P1-50 


P1-50 


CRUBIT8 


P1-62 


P1-62 


CRUBIT9 


P1-64 


P1-64 


CRUBIT10 


P1-68 


P1-68 


CRUBIT11 


P1-70 


P1-70 


CRUBIT12 


P1-36 


P1-36, P2-36 


CRUBIT13 


P1-32 


P1-32, P2-32 


CRUBIT14 


P1-38 


P1-38, P2-38 


CRUBIT15 


P1-34 


P1-34, P2-34 


CRUBITOUT 


P1-18 


P1-18,P2-18 



CRUBITIN 



STORECLK- 



P1-60 



P1-22 



P1-60, P2-60 



P1-22, P2-22 



MODSELO- 
MODSEL1- 


P1-23 
P1-35 


Slot13,P2-48 

Slot 13, P1-48 

and P2-46 


MODSEL2- 
MODSEL3- 


P1-37 
P1-43 


P2-48 

Slot 12, P1 -48 

and P2-46 


MODSEL4- 
MODSEL5- 


P1-44 
P1-45 


Slot11,P2-48 

Slot 11, P1 -48 

and P2-46 


MODSEL6- 
MODSEL7- 


P1-46 
P1-47 


Slot 10, P2-48 

Slot 10, P1-48 

and P2-46 



Address bits generated by the processor 
to select a particular chassis (bits 4-6), a 
16-bit module within that chassis (bits 
7-11), and a particular bit from that 
module (bits 12-15). 



Serial data line for transfer of data from 
the processor to the addressed CRU 
bit(s). This line is active only when 
STORECLK- goes low. 

Serial data line for transfer of data from 
the addressed CRU bit(s) to the pro- 
cessor. This line must be driven by an 
open-collector gate and only when the 
module is selected. 

An active-when-low pulse that indicates 
to the selected CRU module that the 
operation is a write (SBO, SBZ, or LDCR) 
operation. This pulse transfers the data 
from the CRUBITOUT line into a holding 
flip-flop that is the CRU bit. 

Module select signals generated by the 
processor from address bits 6-10 
(CRUBITS 7-11) for use within the main 
or an expansion chassis. Note that P1 in 
each slot of the backpanel receives one 
module select signal, whereas P2 
receives two module select signals. This 
configuration permits P2 to use 32 bits 
of the CRU. Note that pin 48 of succes- 
sive P2 connectors in the chassis slots 
is connected to even-numbered module 
select signals and, at the CRU circuit 
board level, carries a MODSELA- signa- 
ture. Pin 46 of successive P2 connectors 
in the chassis slots is connected to P1, 
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Table 3-1. CRU Interface Signals in the Chassis Backplane (Continued) 



Signature 



Slotl 
Pin Number 



Slot 2-13 
Pin Number 



MODSEL8- 


P1-48 


Slot 9, P2-48 


MODSEL9- 


P1-49 


Slot 9, P1 -48 
and P2-46 



Function 



pin 48 of that slot, then to an odd- 
numbered module select signal, and 
carries a signature of MODSELB-. Pin 
P1-48 is not used when a full-sized CRU 
circuit board is installed in a chassis 
slot. 



MODSEL10- 
MODSEL11- 


P1-51 
P1-53 


Slot 8, P2-48 

Slot 8, P1 -48 

and P2-46 


MODSEL12- 
MODSEL13- 


P1-61 
P1-67 


Slot 7, P2-48 

Slot 7, P1 -48 

and P2-46 


MODSEL14- 
MODSEL15- 


P1-69 
P1-71 


Slot 6, P2-48 

Slot 6, P1 -48 

anci P2-46 


MODSEL16- 
MODSEL17- 


P2-38 
P2-36 


Slot 5, P2-48 

Slot 5, P1 -48 

and P2-46 


MODSEL18- 
MODSEL19- 


P2-34 
P2-32 


Slot 4, P2-48 

Slot 4, P1 -48 

and P2-46 


MODSEL20- 
MODSEL21- 


P2-22 
P2-18 


Slot 3, P2-48 

Slot 3, P1 -48 

and P2-46 


MODSEL22- 
MODSEL23- 


P2-16 
P2-13 


Slot2,P2-48 

Slot 2, P1 -48 

and P2-46 


MODSEL24- 
MODSEL25- 


P2-61 
P2-63 




MODSEL26- 
MODSEL27- 


P2-43 
P2-45 




MODSEL28- 
MODSEL29- 


P2-21 
P2-33 




MODSEL30- 
MODSEL31- 


P2-23 
P2-20 





3-10 



2272075-9701 



Nonstandard and OEM Configuration Data 



Table 3-2. CRU Expander/Buffer LR Interface Signals 



Signature 



P3-P6 
Pin Number 



Function 



CHPRESA- 



27 



DATAIN1 


29 


EBIT4A 


5 


EBIT5A 


7 


EBIT6A 


9 


EBIT7A 


11 


EBIT8A 


13 


EBIT9A 


15 


EBIT10A 


17 


EBIT11A 


19 


EBIT12A 


21 


EBIT13A 


23 


EBIT14A 


25 


EBIT15A 


27 


EDATAOUTA 


31 


ESTORECLKA- 


2 



IDA- 



INTPRESA- 



IREQA- 



39 



33 



35 



Chassis present. Low to indicate that the expansion 
chassis is connected and has power on, and that the 
TILINE power reset (TLPRES-) is not active. 

Data in from buffer. Serial CRU input data from the expan- 
sion chassis backplane. 

Expander CRU address output bits 4-15. Equivalent to 
CRUBIT 4-15 from the main chassis. 



CRU expander output data. Equivalent to CRUBITOUT 
from the main chassis. 

CRU expander store clock. Equivalent to STORECLK- 
from the main chassis. 

Expansion chassis interrupt identification. Serially- 
encoded interrupt ID from the buffer. Identifies the active 
interrupt level in the expansion chassis. 

The data on this line is part of the serial interrupt vector 
that the central processor reads from the CRU expander. 

Interrupt present in expansion chassis. Interrupt input 
from the CRU buffer. A scanner within the buffer identi- 
fies the active interrupt level. See IDA-. 

Direct (non-scanned) interrupt present in the expansion 
chassis. Bypasses the interrupt scanner and the serial 
interrupt vector. The central processor can process this 
interrupt faster than scanned interrupts, but there can be 
only one direct interrupt level in each expansion chassis. 
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Table 3-2. CRU Expander/Buffer LR Interface Signals (Continued) 



P3-P6 
Signature PinNumber Function 



RESETA- 3 Reset expansion chassis. Causes the CRU buffer to 

issue a TILINE I/O reset (TLIORES-) in the expansion 
chassis. A jumper option on the CRU expander selects 
either TILINE I/O reset or TILINE power reset as the 
source for RESETA-. 

Note: 

The suffix letter on each signature identifies the CRU expander I/O connector as follows: 
A — P3 
B — P4 
C — P5 
D — P6 



3.3 CRU EXPANDER AND CRU BUFFER BLOCK DIAGRAM 

Figure 3-5 Is a block diagram of the CRU expansion system. This diagram shows the interrupt 
handling logic, signal line drivers/receivers, and the jumper options. 

3.3.1 CRU Interrupt Handling 

Each half-slot position in an expansion chassis has the potential to generate an interrupt. All of 
the individual interrupt lines go to the interrupt connector above slot 1. A plug-in interrupt board 
assigns interrupts to the interrupt level inputs of slot 1 . 

A standard CRU buffer board can handle interrupt levels 2 through 15 with no jumper modifi- 
cations. Nonstandard jumpers allow expansion to 32 interrupt levels. 

A free-running clock (approximately 3.2 megahertz) drives a scan counter. The scan counter and 
interrupt scanner multiplexers scan the inputs looking for an active interrupt. An active interrupt 
latches up an interrupt present flip-flop and stops the scan counter. 

A latched interrupt present signal goes to the CRU expander. In a similar manner, the expander 
scans all four possible expansion chassis interrupts. The active interrupt is again latched and the 
expander interrupts the central processor. 

The central processor can tell which expander supplied the interrupt, but needs more information 
to identify the source. The CRU expansion interrupt vectors, Figure 3-6, provide the additional 
information. 
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CRU EXPANDER LP 



1 



SLOT I CPU 



STORECLK- 



<> 



STORECLK B 



i> 



p- 



ESTORECLKA- 



4 



4> 



{> 



TO BUFFER l/F 
_► J> CONNECTORS 
P4-P6 



■>■ 



CRUBITOUTB- 



FROM CHASSIS 
POWER SUPPLY 



4 



4 



-cr~o- 



■H> 



<> 



EDATAOUTA 



4> 



H> 



t> 



:l 



TO BUFFER I/F 

CONNECTORS 

P4-P6 



DIRECT (NON- 
STANDARD) 
INTERRUPT ^ 
(REQUIRES 
SPECIAL 
WIRING) 



TO CHASSIS 
INTERRUPT 

CONNECTOR 
(STANDARD 

INTERRUPT) 



& 



J> 



& 



{> 



TO BUFFER l/F 
_^ J> CONNECTORS 
P4-P6 



<p! 



RECT INTERRUPT REQUEST 



FREE-RUNNING 
CLOCK 



^ 



IREQAB 



IREQBB 



<K 



FROM P4-P6 
LINE RCVRS 



CHASSIS SCANNER 
MUXES 



CHASSIS SCAN 

COUNTER AND 

INTERRUPT LATCH 

LOGIC 



INTERRUPT VECTOR 
AND CHASSIS 
STATUS MUX 



FROM SLOT 1 

CPU (MODULE 

SELECT NUMBERS 

DETERMINED BY 

EXPANDER 

SLOT LOCATION) 



FROM SLOT 1 
CPU 



i 



<J 



ENCODED 

INTERRUPT 

VECTOR 




CRU INTERRUPT 
ADDRESS DECODERS 
AND JUMPERS J6-J9 



CRUBIT(4-|5) 



J6 J7 JB J9 


ABSOLUTE (R12) 


X X 

X X 


F80 (1F00) 
F90 (1F20) 


X X 

X X 


FAO (1F40) 
FBO (1F60) 



-t> 



IDOAQ (MSB) 



CHPRESP- 



CHPRESB- 



ID«AQ, ID1AQ 




INTERRUPT 
PRESENT 



o 



INTPRESA 



\» 



FROM P4-P6 
LINE RCVRS 



SERIAL 
INTERRUPT ID 



<K 



FROM P4-P6 
LINE RCVRS 



CRUBIT(I2B-15B) 



1> 



o 



EBIT(4-|5)D 



EBIT(4-1S)C 



CRUBIT(4B-1SB>- J 



■i> 



o 



EBIT(4-15)B 



EBIT(4-|5)A 



<£ 



CHASSIS PRESENT 



SERIAL DATA IN 









FROM P4-P6 

chassis present 
'and 
data in line rcvrs 



r 



4. 



ESTORECLK- 



-> 



~l 



STORECLK- 



> 



1* 



DIRECT INTERRUPT REQUEST 



<3 



<J 



£)> 



CHASSIS 
SLOTS 
>2-n 
VIA 
BACK- 
PLANE 



H 



<t 



FREE-RUNNING 
CLOCK 



INTERRUPT 



INTERRUPT 

ENCODER 

MUX 




J-[> 



CRUBIT(4-15) — 



SC4 (LSB) 



INTERRUPT SCAN 

COUNTER AND 

INTERRUPT LATCH 

LOGIC 



INTERRUPT SCANNER 
MUXES 



INTERRUPT 



SCAN COUNT 




<t 



<K 



JI10 

-o o- 



+: 



FROM 
CHASSIS 
POWER 
SUPPLY 



NON- 
STANDARD 
INTERRUPT 
CONNEC- 
TIONS 



*-o 



<K 



INT15 



'NT31 <^t>_ 



<- 



JII6 

-o o- 



INTERRUPT 
CONNECTOR 



NONSTANDARD 
JUMPERS 



CRUBIT(13-15>- 



CRUBIT(4-6>- 



CHASSIS 
SELECT 
DECODER 



CHASSIS 
SELECT 
JUMPER 



-O O 
XU10 



I 



MODULE 

SELECT 

(MODSEL) 

DECODERS 



j MODSEL23- 



MODSEL24- 



MODSEL25- -JM25,, 



? MODSEL31- Q 



JM31 



CRUBIT(7-I1)- 



j* I I LPRES- 



<[>£5il 



NONSTANDARD 
JUMPERS 
BIT(4-IS) 



<F 



TO INDI- 
VIDUAL 
HALF- 
SLOT 
POSITIONS 
ON BACK- 
PLANE 



CHASSIS 
SLOTS 



VIA 
BACK- 
PLANE 



, PRII RIIFPFP (P 



J 



Figure 3-5. CRU Expander and CRU 
Buffer Block Diagram 
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A CRU expansion vector is a 16-bit CRU word located at a reserved CRU base address. The stan- 
dard base addresses in workspace register 12 are 1F00ie for chassis 1 through 4 and 1F20i« for 
chassis 5 through 7. A chart on the CRU expander block diagram shows the jumper assignments 
for each interrupt vector base address. 

The central processor can read an entire interrupt vector with an STCR instruction, or check an 
individual status bit with aTB instruction. 

Assume that the central processor reads the entire vector. The CRU buffer and the expander work 
together to supply the interrupt vector word. The first two bits are hardwired zeros. The next five 
bits are the scan count from the CRU buffer. They identify the active interrupt level in the expan- 
sion chassis. 

The next two bits are the chassis identifier from the chassis scan counter, followed by two more 
hardwired zeros. Bits 11 through 14 are the active-low chassis present bits. Bit 15 is the interrupt 
present bit. 

After checking the expansion interrupt vector, the central processor must clear the interrupt by a 
CRU output to the device that originated the interrupt. Buffer and expander interrupt logic clear 
out after the original interrupt goes inactive. 

A jumper option (J1) on the buffer board allows you to bypass the entire interrupt scanning system. 
However, the direct interrupts are limited to one level per expansion chassis. 

3.4 TILINE EXPANSION SYSTEM INTERCONNECTIONS 

Figure 3-7 shows the signal connections for a set of TILINE couplers. Table 3-3 summarizes 
TILINE signals in the chassis backplane,, and Table 3-4 summarizes the signals between the 
couplers. 
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LOCAL CHASSIS 




DATA, ADDRESS CABLES: 2308633 
CONTROL (VECTOR) CABLE; 2230740 



LOCAL 
CHASSIS 
T1LINE 



TLADR(00-19)- 



TIL1NE ADDRESS (SEE TABLE BELOW) 



TLDAT(00-19)- 



T1L1NE DATA 



(SEE TABLE BELOW) 



TIL1NE READ 



TILINE GO 



TIL1NE TERMINATE 



TILINE WAIT 



TILINE HOLD 



TILINE ACKNOWLEDGE 



TLAV 



TILINE AVAILABLE 



TLAG(IN) 



TILINE ACCESS GRANTED (IN) 



TLAG(OUT) 



TILINE ACCESS GRANTED (OUT) 



TILINE MEMORY ERROR 



r 



*-^J 



I EXTINT- 

h 



^i 



INTERRUPT 
CONNECTOR 



I 



TILINE POWER RESET 



TILINE I/O RESET 



P1-71 



P6-9.10 P6-I3 



TILINE 
COUPLER LR 
ASSEMBLY: 

2230735 
LOGIC: 

2230737 



P5-20 



TILINE DATA 


TILINE ADDRESSES 


TLDATAOO- 


P2-67 


TLADROO- 


P2-55 


TLDATAO 1 - 


P2-69 


TLADR0 1- 


P2-4 4 


TLDATA0 2- 


P2-35 


TLADR0 2- 


P2-51 


TLDATA0 3- 


P2-37 


TLADR0 3- 


P2-53 


TLDATA04- 


P2-6I 


TLADR0 4- 


P2-57 


TLDATA0 5- 


P2-63 


TLADR0 5- 


P2-59 


TLDATA0 6- 


P2-43 


TLADR06- 


P2-47 


TLDATA07- 


P2-45 


TLADR07- 


P2-49 


TLDATA08- 


P2-21 


TLADR0 8- 


P2-17 


TLDATA09- 


P2-33 


TLADR09- 


P2-19 


TLDATA10- 


P2-23 


TLADR10- 


P2-10 


TLDATA1 1- 


P2-20 


TLADR 1 1 - 


P2-1 2 


TLDATA1 2- 


PI 27 


TLADR 1 2- 


P2-1 1 


TLDATA1 3- 


Pl-28 


TLADR 1 3- 


P2-1 5 


TLDATA14- 


P1-30 


TLADR 1 4- 


P2-8 


TLDATA1 5- 


P1-31 


TLADR 1 5- 


P2-9 






TLADR 1 6- 


P2-29 






TLADR17- 


P2-27 






TLADR 1 8- 


P2-25 






TLADR 1 9- 


P2-31 




AD(00-19) 



INTERCOUPLER TILINE ADDRESS (SEE TABLE BELOW) 



P4-35 XCBL(IN)- 



CROSSED DATA/ADDRESS CABLES 



D(00-1 5)- 



INTERCOUPLER TILINE DATA (SEE TABLE BELOW) 



READ(OUT) 



READ(IN) 



READ(IN) 



READ(OUT) 



START(OUT)- 



START(IN)- 



START(IN)- 



START(OUT)- 



COMP(OUT)- 



COMP(IN)- 



COMP(IN)- 



COMP(OUT)- 



INHWAIT(IN) 



GND 



i INHWAIT(IN)- 



P5-16 HOLD(OUT)- 



HOLD(IN)- 



HOLD(IN)- 



HOLD(OUT)- 



CONTROL CABLE VECTOR 



P5-10 MERR(OUT)- 



MERR(IN)- 



MERR(IN)- 



MERR(OUT)- 



EXTRA- 



AUXI(OUT)- 



AUXI(IN)- 



AUXI(IN)- 



AUXI(OUT)- 



INTA(OUT)- 



1NTA(IN)- 



INTA(IN)- 



INTA(OUT)- 



PWRON(OUT)- 



PWRON(IN)- 



PWRON(IN)- 



PWRON(OUT)- 



lORES(OUT)- 



lORES(IN)- 



lORES(IN)- 



lORES(OUT)- 



INTERCOUPLER 


INTERCOUPLER 


TILINE 


ADDRESS 


TILINE DATA 


ADOO 


P3-26* 


D00- P4-30* 


AD01 


P3-28 


D01- P4-B2 


ADO 2 


P3-30 


D02- P4-18 


ADO 3 


P3-32 


D03- P4-20 


ADO 4 


P3-34 


D04- P4-26 


ADO 5 


P3-36 


D05- P4-28 


ADO 6 


P3-38 


D06- P4-22 


ADO 7 


P3-40 


D07- P4-24 


ADOS 


P3-14 


D08- P4-4 


AD09 


P3-16 


D09- P4-8 


AD10 


P3-6 


D10- P4-6 


AD1 1 


P3-10 


D11- P4-2 


AD12 


P3-8 


D12- P4-1Q 
D13- P4-1? 


AD13 


P3-12 


AD14 


P3-2 


D14- P4-16 


AD15 


P3-4 


D15- P4-14 


AD16 


P3-22 


i 


AD17 


P3-20 


NOTE: : 


AD18 


P3-18 




AD19 


P3-24 


*PIN ASSIGNMENTS 
ARE IDENTICAL AT 
BOTH ENDS OF THE 
2308633 CABLE. 



P6-9.10 P6-13 



TILINE 

COUPLER LR 

ASSEMBLY: 2230735 



TLADR(00- 19)- 





TLDAT(00-19)~ 






TLREAD 






TLGO- 






TLTM- 






TLWAIT- 






TLHOLD- 






TLAK- 






TLAV 






TLAG(IN) 






TLAG(OUT) 


». 



J~ 



I INTERRUPT . 
I CONNECTOR | 



J 



I I 



CHASSIS POWER SUPPLY 



TILINE I/O RESET 



REMOTE 
> CHASSIS 
TILINE 



REMOTE CHASSIS 



Figure 3-7. TILINE Expansion System 
Signal Connections 
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Table 3-3. TILINE Signals in the Chassis Backplane 



Signature 



Pin No. 



Definition 



TLGO- 



P1-25 



TLREAD 


P1-11 


TLADROO- 


P2-55 


01- 


P2-44 


02- 


P2-51 


03- 


P2-53 


04- 


P2-57 


05- 


P2-59 


06- 


P2-47 


07- 


P2-49 


08- 


P2-17 


09- 


P2-19 


10- 


P2-10 


11- 


P2-12 


12- 


P2-11 


13- 


P2-15 


14- 


P2-8 


15- 


P2-9 


16- 


P2-29 


17- 


P2-27 


18- 


P2-25 


TLADR19- 


P2-31 


TLDAT00- 


P2-67 


01- 


P2-69 


02- 


P2-35 


03- 


P2-37 


04- 


P2-61 


05- 


P2-63 


06- 


P2-43 


07- 


P2-45 


08- 


P2-21 


09- 


P2-33 


10- 


P2-23 


11- 


P2-20 


12- 


P1-27 


13- 


P1-28 


14- 


P1-30 


TLDAT15- 


P1-31 



TILINE Go — Initiates all data transfers when transition from high 
(3,0 V) to low (1 .0V) occurs. 

TILINE Read — When high (3.0 V), designates a read from SLAVE 
operation; when low (1.0 V), designates a write to SLAVE 
operation. 

TILINE Address — Defines the location of data during a fetch or 
store operation. When high (>2.0 V), the corresponding address 
bit is a zero; when low (^0.8 V), the corresponding address bit is a 
one. 



TILINE Data — Bidirectional data lines that, when high (s2.0 V), 
represent zero data bits and, when low (^0.8 V), represent one 
data bit. 



TLTM- 



TLMER- 



P1-20 TILINE Terminate — When low (1.0 V), indicates that the SLAVE 

device has completed the requested operation. 

P1-55 TILINE Memory Error — When low (=s0.8 V), indicates that a non- 

recoverable error has occurred during a memory read operation. 
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Table 3-3. TILINE Signals in the Chassis Backplane (Continued) 



Signature 



Pin No. 



Definition 



TLAG(ln) 



TLAG(out) 



TLAK- 



TLAV 



TLWAIT- 



TLIORES- 



TLPRES- 



TLPFWP- 



TLCACHEN 



P2-6 TILINE Access Granted — When high (2:2.0 V), this signal indi- 

cates that no higher priority device has requested use of the 
TILINE. When low («s0.8 V), this signal prevents the receiving 
device from gaining access to the TILINE bus. 

P2-5 TILINE Access Granted — When high (2:2.0 V), this signal indi- 

cates that neither the sending device nor any higher priority 
device is requesting use of the TILINE. When low (rsO.8 V), this 
signal indicates that either the sending device or some higher 
priority dovice is requesting use of the TILINE bus and prevents 
all lower priority devices from gaining access to the bus. 

P1-71 TILINE Acknowledge — When high (3.0 V), this signal indicates 

that no TILINE device has been recognized as the next device to 
use the TILINE. When low (1.0 V), this signal indicates that some 
TILINE device has requested access, has been recognized, and is 
waiting for the bus to become available. 

P1-58 TILINE Available — When high (3.0 V), this signal indicates that 

no TILINE device is using the bus. When low (1.0 V), this signal 
indicates that the TILINE bus is busy. 

P1-63 TILINE Wait — A normally high (3.0 V) signal that, when low (1.0 

V), temporarily suspends all TILINE master devices from using 
the TILINE bus. This signal Is generated by a bus coupler to allow 
it to use the bus as the highest priority user. 

P1-14 TILINE I/O Reset — A normally high (2:2.0 V) signal that, when 

P2-14 low (:s0.8 V), halts and resets all TILINE I/O devices. This signal is 

a 100- to 500-nanosecond pulse generated by the RESET switch 

on the control console or by the execution of a Reset (RSET) 

instruction in the central processor. 

P1-13 TILINE Power Reset — A normally high (2:2.0 V) signal that goes 

P2-13 low (sO.fl V) to reset all TILINE devices and inhibit critical lines to 

external equipment. The signal is generated by the power supply 

at least 10 microseconds before dc voltages begin to fail during 

power-down, and until dc voltages are stable during power-up. 

P1-16 TILINE Power Failure Warning Pulse — A two-millisecond pulse 

P2-16 preceding TLPRES-. When low (=s0.8 V), this signal indicates that 

a power-down sequence is in progress, allowing the central pro- 
cessor to perform a power-failure interrupt subroutine. 

P1-73 TILINE Cache Enable — The cache memory in the cache con- 

troller is enabled when this signal is high. 
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Table 3-4. TILINE Intercoupler Signals 



Signature 



Pin No. 



Definition 



ADOO 


P3-26 


01 


28 


02 


30 


03 


32 


04 


34 


05 


36 


06 


38 


07 


40 


08 


14 


09 


16 


10 


6 


11 


10 


12 


8 


13 


12 


14 


2 


15 


4 


16 


22 


17 


20 


18 


18 


AD19 


P3-24 


AUXI(IN)- 


P5-29 


AUXI(OUT)- 


P5-12 


COMP(IN)- 


P5*6 


COMP(OUT)- 


P5-35 



Intercoupler address bus, bits 00-19. Consists of the TILINE 
address from the source chassis backplane, plus the 8-bit 
coupler bias switch setting, added to the most significant 8 bit 
positions (00-07) for memory addresses between the upper 
and lower address limit. 

ForTPCS addresses, consists of addresses in blocks as deter- 
mined by option switches 8-12. May also be mapped to TPCS 
block of the destination chassis. 

Memory address bias switch settings do not affect TPCS 
addresses. 



Multiprocessor interrupt (attention or acknowledge) to auxil- 
iary processor (AUXI(OUT)) or from the auxiliary processor 
(AUXI(IN)). Enabled and initiated by TPCS control in the host 
coupler. 

Operation complete from the remote chassis. Informs the local 
coupler that the requested TILINE cycle finished (TLTM-) in 
the remote chassis. The local coupler responds with a TILINE 
terminate in the local chassis. On a read cycle, the local 
coupler also latches the incoming data from D(00-15)-. 



D00- 


P4-30 


01- 


32 


02- 


18 


03- 


20 


04- 


26 


05- 


28 


06- 


22 


07- 


24 


08- 


4 


09- 


8 


10- 


6 


11- 


2 


12- 


10 


13- 


12 


14- 


16 


D15- 


P4-14 



Intercoupler TILINE data. 



EXTRA- 



P4-34 



Nonmaskable interchassis interrupt. 
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Table 3-4. TILINE Intercoupler Signals (Continued) 



Signature 



Pin No. 



Definition 



HOLD(IN)- P5-25 Hold TIUNE access between read and write cycle. Generated 

HOLD(OUT)- P5-16 during software interlock instructions. 

INHWAIT(IN) P5-21 Inhibit TILINE wait cycles. Vector direction of control cable 

determines whether waits are inhibited or not. 



INTA(IN)- 
INTA(OUT)- 

lORES(IN)- 
lORES(OUT)- 

MERR(IN)- 
MERR(OUT)- 

PARERR- 

PARITY- 



PWRON(IN)- 
PWRON(OUT)- 

READ(IN) 
READ(OUT) 



START(IN)- 
START(OUT)- 

XCBL(IN)- 



P5-39 
P5-2 

P5-23 
P5-18 

P5-31 
P5-10 

P4-38 

P4-40 



P5-27 
P5-14 

P5-33 
P5-8 



P5-37 
P5-4 

P4-35 



Maskable interchassis interrupt. 



Interchassis I/O reset. 



Memory error. 



Latched parity error status. 

Remote coupler parity bit. Provided for data/address parity 
comparisons between local and remote coupler. 

Chassis power on. Inverted form of chassis TLPRES-. 



TILINE coupler read/write command to remote coupler. 
Latched version of TLREAD from chassis backplane. OSW6, if 
closed, holds READ(OUT) high. 

Start remote TILINE cycle. Command to the remote coupler to 
start aTlLINE read or write cycle in the remote chassis. 

Crossed cables indicator. Low if the data and address cables 
are cross-connected. 



Notes: 

1. Remote chassis and local chassis are relative terms; local refers to the chassis and coupler that initi- 
ate an operation with a START- command, while remote refers to the chassis and coupler that respond 
and return the COMP command. 

2. Host and auxiliary are terms set by software choice and controlled via the TPCS. 
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3.5 COUPLER OPERATION AND TIMING 

The following paragraphs provide basic and detailed descriptions of the TILINE coupler operating 
cycle. 

3.5.1 Summary of Coupler Operating Cycle 

Assume that a central processor or disk controller has to perform a read or write operation to 
memory in the remote chassis. The processor or controller acts as a TILINE master to gain access 
to the local TILINE bus. The local TILINE coupler, acting as a slave, recognizes that the address is 
in range and starts a remote coupler cycle. 

The remote coupler, acting as a TILINE masjer, gains access to the TILINE in the remote chassis 
and performs the read or write operation. The remote coupler notifies the local coupler that the 
remote TILINE cycle is complete. The local coupler, remote coupler, and local master go through a 
series of disengagement steps to complete the cycle. 

3.5.2 Detailed TILINE Coupler Operating Cycle 

A timing diagram, Figure 3-8, and the following steps describe the coupler operating cycle in 
detail: 

1. The local TILINE master gains access to the TILINE utilizing the bus acquisition signals. 
Once the master has the TILINE, it gates the address (and data, if it is a write cycle) on 
the TILINE and issues a TILINE go (TLGO-) signal. 

2. The local coupler delays TLGO- until it has had sufficient time to decode the address 
lines. If the address is within the allowable limits, the coupler issues an internal address 
OK signal. 

3. The delayed TLGO- and the address OK signals set the coupler START latch. The START 
latch gates biased address signals ADOO through AD19 to the remote coupler. If this is a 
write cycle, the coupler also gates data lines D00- through D15- to the remote coupler. 

4. The local coupler issues a START(OUT)- signal to the remote coupler. 

5. START(OUT)- appears as START(IN)- at the remote coupler. START(IN)- sets the device 
access request latch to initiate a TILINE master cycle. 

6. The remote coupler acts as a master to gain access to the remote chassis TILINE: 

a. The remote coupler withdraws TILINE access granted by forcing it low. This signal 
is daisy chained, and the effect of pulling it low is to signal lower priority devices 
that this master wants the Tl LI N E. 

b. The remote coupler waits for at least 200 nanoseconds after forcing TLAG(OUT) 
low. The delay allows the daisy-chained signal to propagate to the lowest priority 
device. 
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c. After the TLAG delay, the coupler examines the TLAK- signal. If TLAK- Is high, the 
coupler will issue TLAK-. If TLAK- is low, the coupler waits for it to go high. The 
coupler cannot advance through the access cycle until it receives the high TILINE 
acknowledge signal. 

d. After issuing the TLAK- signal, the coupler waits for the TLAV signal to go high. 
When the TLAV signal goes high, the coupler sets it low and releases TLAG- and 
TLAK-. The coupler has access to the bus and gates the address lines (from the 
remote coupler) onto the bus. 

e. The coupler waits for both TLGO- AND TLTM- to go high, then issues the TLGO- 
and, for a write cyclf, gates the incoming data onto the TLDATOO- through 
TLDAT15- lines. The coupler waits for a TILINE terminate (TLTM-) signal from the 
slave device. 

7. When TLTM- Is received, the remote coupler Issues a COMP(OUT-) signal to the local 
coupler. 

8. The COMP(OUT)- signal is received as COMP(IN)- at the local chassis. COMP(IN)- 
clears the START(OUT)- signal and issues TLTM- on the local TILINE. COMP(IN)- also 
causes the local chassis to latch the data lines from the remote chassis for a read cycle. 

9. The release of START(OUT)- causes the remote coupler to release the TLGO- signal in 
the remote chassis. 

10. The master that initiated the entire process releases TLGO- in the local chassis. In 
response, the local coupler completes its slave cycle by releasing TLTM-. If the current 
cycle is a read cycle, the local coupler also disables its data line drivers on release of 
TLGO-. 
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3.5.3 Exceptions to the TILINE Coupler Operating Cycle 

Tl LINE wait, hold, and timeout conditions alter the normal operating cycle. 

3.5.3.1 TILINE Wait. In multiprocessor systems there is a very high probability that two central 
processors will attempt a data transfer across the coupler link simultaneously. The couplers rec- 
ognize a preferred direction to resolve these conflicts. The coupler that has master responsibility 
in the preferred direction issues a TLWAIT- signal. This is a signal to all other TILINE masters to 
relinquish control of the bus immediately pending a high priority data transfer from the coupler. 
The coupler goes ahead and performs the data transfer. 

When the coupler releases TLWAIT-, the master that had to release the bus can continue. This 
action causes no state change in master devices and, with the exception of its TILINE drivers, the 
master device does not realize that TLWAIT- has been asserted. Figure 3-9 summarizes the timing 
of a wait operation. 

3.5.3.2 TILINE Hold. Certain instructions are intended to be used as software interlocks. These 
instructions read a word during one cycle and write it back in the next cycle. In multiple-processor 
systems it would be possible for one processor to modify a memory location between the read and 
write cycles of another processor's interlock instructions. 

In order to prevent this, the central processor issues a TLHOLD- signal on the backplane. 
TLHOLD- is used and propagated by the TILINE couplers in order to maintain the effectiveness of 
software interlock instructions. TLHOLD- prevents couplers from releasing access to the TILINE 
during software interlock instructions. 

3.5.3.3 TILINE Time-Out. The TILINE coupler contains an on-board TILINE time-out circuit in the 
master control logic. If TLTM- has not been received in 32 microseconds (typical), a TILINE time- 
out unlocks the system. The coupler TILINE time-out is a fail-safe circuit in case the master that 
initiated the TILINE cycle fails to detect an error and to issue a TILINE time-out. All masters other 
than the TILINE coupler are specified to have a TILINE time-out occur after 10 microseconds. 



TLWAIT- 



** 
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340ns 



T2b 
74ns 



TLGO- 



T3b_ 
155ns 



i ?■ 
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all times are typical 
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Figure 3-9. TILINE Coupler Wait Timing 
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3.6 TILINE COUPLER CHASSIS RESET PROVISIONS 

Figure 3-10 summarizes the TILINE coupler provisions for local and remote I/O reset. A local I/O 
reset can be accomplished in one of two ways: 

• Hardwired I/O Reset — A TLIORES- signal or a TLPRES- signal in the local chassis 
always causes a local coupler IORES- signal to be issued. 

• Software I/O Reset — A bit in the TPCS which, when written to, issues an I/O reset in the 
local chassis. 

A remote I/O reset can also be accomplished in one of two ways: 

• Hardwired Remote I/O Reset — A switch (OSW3) is provided on the coupler which 
enables a local chassis I/O reset to the remote coupler. Closing a switch in the remote 
chassis (OSW4) is also required to allow the inter-coupler reset onto the TILINE. OSW3 
and OSW4 should never both be closed on any one coupler. 

Do not close OSW4 in a chassis that contains a central processor. The processor will not 
be aware of the incoming reset and may react unpredictably. 

WARNING 

In a nonmultiprocessing configuration, the Hardwired Remote I/O 
Reset is often enabled across the TILINE couplers from the main 
chassis to the expansion chassis. When the main chassis's power 
is cycled, the I/O reset generated is active for several milliseconds 
during power-up and for more than 10 microseconds during power- 
down. If a TILINE Peripheral Bus Interface (TPBI) controller board is 
installed in the expansion chassis, the long I/O reset can cause its 
self-test to fail. The TPBI's self-test LED remains lit to indicate that a 
failure has occurred. This error is normal and expected under these 
circumstances. Power must be recycled at the expansion chassis to 
clear the failure LED. To prevent this error, you must power up the 
main chassis first, then power up the expansion chassis. If the main 
chassis is powered down for any reason, the expansion chassis 
must also be powered down. 

• Software Remote I/O Reset — A bit is provided in the TPCS which, when written to, 
issues an I/O reset to the remote chassis only. 
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Figure 3*10. Coupler Reset Options 
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3.7 TILINE COUPLER INTERRUPTS 

The TILINE coupler includes options for two direct interchassis interrupts, an internal parity error 
interrupt, and two multiprocessor interrupts. Each coupler has all of these capabilities because it 
may serve as either end of an interchassis link. Many of these option switch settings are mutually 
exclusive. Of course, the operating system software must be aware of the selected options and 
must be capable of dealing with the resulting interrupts. 

Figure 3-1 1 is a functional block diagram of the interrupt logic. You will find this diagram useful to 
clarify the interrupt schemes and to identify illogical option switch settings. 

3.7.1 Interchassis Interrupts 

There are two switch-selectable direct interchassis interrupts on the TILINE coupler. One of these 
interrupts can be masked through a bit in one of the coupler TPCS command words. This is the 
maskable interchassis interrupt. The central processor has a choice whether or not to allow this 
interrupt at any time. 

The other direct interchassis interrupt cannot be enabled or disabled by a central processor. If the 
interrupt input occurs, and the option switch is closed, the interrupt goes to the central processor. 
This is the nonmaskable interchassis interrupt. 

The interchassis interrupts are compatible with each other, for a maximum of two interchassis 
interrupts. If the expansion chassis must supply more than two interrupts, consider adding a CRU 
expansion. The CRU buffer/expander combination can prioritize and encode a large number of 
interrupts. CRU interrupt decoding is necessarily slower than a direct interrupt. 

NOTE 

Do not attempt to use CI403/CI404 four-channel communications 
controllers with CRU buffer interrupt encoding. Instead, connect all 
the CI403/CI404 interrupts on one level and then connect them to 
either TILINE coupler interrupt input P1-66 or P2-66. 

3.7.1.1 Nonmaskable Interchassis Interrupt. Option switch 1 enables the nonmaskable inter- 
chassis interrupt from the backplane (P2-66) out to the remote coupler. The EXTRA- interrupt 
(P4-34) goes to the remote coupler via the data cable. 

Option switch 2 enables interrupts into the local coupler from the remote coupler. This inter- 
chassis interrupt comes in as EXTRA- on P4-34 and goes to the backplane on connector P2-66. It is 
not maskable. TILINE power reset prevents the interrupt unless chassis power is up and stable. 

NOTE 

To prevent having the interrupt latch itself (which could lock up the 
system), never close option switches 1 and 2 on the same coupler. 
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3.7.1.2 Maskable Interchassis Interrupt. Refer to Figure 3-12, which shows the signal flow for a 
maskable interchassis interrupt. Option switch 7 connects the maskable interchassis interrupt 
from the backplane out to the remote coupler. A mask bit in the TPCS enables or disables this 
interrupt coming in from the remote coupler. The mask bit is bit 3 of word 2, which is the same 
mask bit used for the attention to host interrupt. 



NOTE 

Because the interrupt mask bit has differing uses for multi- 
processor and maskable direct interrupts, these types of interrupts 
are incompatible. Do not attempt to use multiprocessor interrupts if 
option switch 7 (OSW7) is closed. 

Option switch 5 is a mask defeat. When option switch 5 is closed, the maskable interrupt is always 
enabled. Also, bit 3 of TPCS word 2 always appears as a logic 1 on a TPCS read. Option switch 5 
must be open to use the multiprocessor interface. 

An interrupt pending status bit is available in word of the TPCS. This bit is not affected by the 
interrupt mask. The maskable interchassis interrupt appears on connector P1-66. 



NOTE 

To prevent having the interrupt latch itself (which could lock up the 
system), never close option switch 7 on both couplers at the same 
time. 
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3.7.1.3 Internal Interrupt (Parity Error). Both couplers check the combined parity of the inter- 
coupler address and data words. The way that a coupler treats the parity check depends on which 
coupler initiated the operation. 

Recall that a central processor sends an address and a read/write command to the local coupler. 
The local coupler, acting as a TILINE slave, initiates the intercoupler operation with a start com- 
mand, START(OUT)-. The remote coupler acts as a master to read or write data, and responds with 
a complete command, COMP(OUT)-. 

The responding coupler provides a parity sjgnal (PARITY-) to the initiating coupler. The initiating 
coupler compares the remote parity with its own internal parity signal and enables a parity error 
latch. If the two parity signals disagree, the latch output is the parity error interrupt. 

The parity error interrupt and parity error status go to both couplers. However, the interrupt is 
latched only at the coupler that generated it, and can be reset only at that coupler. 

Multiprocessing configurations must make special provisions to assure that all processors recog- 
nize and process the interrupt before any processor clears the interrupt. Premature clearing of the 
interrupt can cause a processor to react unpredictably. 

Separate mask bits are available on each coupler for enabling the interrupt onto P2-66. The mask is 
the parity error interrupt enable bit of TPCS word 0. A parity error will not affect any data transfers 
but is available to the CPU central processor via a read of the parity error status bit of word 0. The 
parity error status bit of both couplers is set to one when a parity error occurs, regardless of which 
coupler generated the interrupt. Resetting the latched interrupt resets the parity error status bit of 
both couplers simultaneously. The parity error status bit is not affected by the parity error interrupt 
mask. 

An LED indicator lights at each coupler when a parity error occurs. The indicators remain on until 
the latched parity error is reset at the coupler that generated it. The parity error indicators show the 
state of the parity error status bit and are always either both off or both on. The parity error inter- 
rupt mask does not affect the indicator response. 

On an interchassis read (only), a parity error causes TILINE memory error (TLMER-) to go active in 
the coupler that inititated the cycle. TILINE memory error is not maskable. 

TPCS read operations are an exception to the rules for generating parity errors. Parity is not 
checked when one coupler reads from the TPCS in the remote chassis. Parity is checked on TPCS 
writes to the remote chassis. 

Figure 3-13 summarizes the results of a parity error on both couplers. Part A shows the results of a 
parity error that occurs on a write to a remote slave or to the remote TPCS. The initiating coupler 
(coupler A) compares the incoming PARITY- signal to the onboard parity signal to detect the error. 

Part B shows the results of a parity error that occurs on a read from a remote slave. Register timing 
in the coupler does not permit checking parity on a remote TPCS read. Again, the initiating coupler 
detects and latches the error. Both couplers display error status and generate maskable parity 
interrupts. 
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3.7.2 TILINE Multiprocessor Interrupts 

Multiprocessor interrupts consist of attention and acknowledge interrupts that are masked and 
activated by reserved bits in TPCS .words 2 and 3. Standard Tl operating software does not use the 
multiprocessor interface. 



NOTE 

The multiprocessor interrupts emulate a Model 990/1 OA Computer 
multiprocessor interrupt structure. This structure is not directly 
compatible with the CRU-based 990/5 multiprocessor scheme. To 
use the multiprocessor interrupts, the 990/5 software must emulate 
the 990/1 OA multiprocessor scheme. 

The interprocessor interface is enabled only when the direct, mask- 
able interchassis interrupt is disabled (option switch 7 is open). 



When configured for multiprocessing, one processor is designated the host processor, and the 
processor of the other chassis is designated the auxiliary processor. The coupler associated with 
the host processor is the host coupler. Host and auxiliary are software designations, and must be 
coordinated with interrupt option switches 5 and 7 in the couplers. 

Two words in the host coupler TPCS are provided for interrupt control and monitoring. By conven- 
tion, the host processor always accesses word 2 while the auxiliary processor always accesses 
word 3 of the same coupler TPCS. 

The multiprocessor interrupt functions controlled by the TPCS are: 



Interrupt or Mask Function 

Attention to auxiliary 
Acknowledge to host mask 
Acknowledge to auxiliary 
Attention to host mask 
Attention to host 
Acknowledge to auxiliary mask 
Acknowledge to host 
Attention to auxiliary mask 



Mnemonic 

ATTNTOAUX 
ACKTOHOST mask 
ACKTOAUX 
ATTNTOHOST mask 
ATTNTOHOST 
ACKTOAUX mask 
ACKTOHOST 
ATTNTOAUX mask 
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This list shows that there are four possible types of interrupts, each of which is maskable. By con- 
vention, the auxiliary processor controls the masks for interrupts destined for the auxiliary. Also, 
the auxiliary processor controls the attention and acknowledge interrupts to the host. 

By the same convention, the host processor controls the masks for the interrupts directed to the 
host, and controls interrupt outputs to the auxiliary processor. There is nothing in the coupler 
hardware that enforces these conventions. 

Refer to Figure 3-14 and assume that the ATTNTOAUX mask is already set. In part A, the host pro. 
cessor sets the ATTNTOAUX interrupt in TPCS word 2. It also sets the ACKTOHOST mask bit to 
accept the reply. The multiprocessor interface logic sends auxiliary interrupt AUX(OUT)- to the 
auxiliary coupler. The auxiliary coupler recieves the interrupt as AUX(IN)-, and generates 
backplane interrupt INTA- on P2-66. 

The auxiliary processor knows that the interrupt came from the coupler. Also, if the auxiliary pro- 
cessor controls the mask, it knows that this must be an attention rather than an acknowledge 
interrupt. The auxiliary responds with an ACKTOHOST interrupt that it writes into TPCS word 3 of 
the host coupler. Part B of Figure 3-14 shows this cycle. Notice that there is no actual interrupt line 
enabled between couplers. 

The host coupler combines the ACKTOHOST with the previously-set ACKTOHOST mask to gener- 
ate backplane interrupt INTA-. The arrival of the ACKTOHOST bit also clears the ATTNTOAUX 
interrupt. 

Either processor can determine the status of any interrupt by reading the status bits in host 
coupler TPCS words 2 and 3. More detailed information about TPCS word 2 and word 3 bit assign- 
ments appears in the following TPCS word descriptions. Refer to Appendix A for additional infor- 
mation about the multiprocessor attention/acknowledge protocol. 



3.8 TPCS WORDS — BIT ASSIGNMENTS AND INTERPRETATION 

TPCS words contain status information on the interrupts, the address and bias switches, the 
option switches, and the user-controlled enable bits, and feedback information on the latched 
address and data bits. Refer to Figure 3-1 J), which summarizes TPCS bit assignments for the 
Tl LINE coupler. 

Word (WO) contains the user-controlled enable bits and some read-only status bits. It has two 
modes of operation. A read from word operates in a word mode that allows all 16 bits to be read 
simultaneously. A write to word operates in a bit mode where only one of the user-controlled bits 
can be set or reset at a time. 

Word 1 (W1) is a read-only word containing the 16 latched data bits. Words 2 and 3 contain the 
attention and acknowledge interrupts and mask bits of the multiprocessor interrupt interface. 
Word 2 (W2) is the host interface word. During normal multiprocessing operations it is accessed 
by a single designated host processor. Word 3 (W3) is the auxiliary interface word. During normal 
multiprocessing operations it is accessed by a single designated auxiliary processor. 

Word 4 (W4) is a read-only word associated with the parallel-in, serial-out, switch-feedback shift 
register. The shift register provides a feedback path for the address limit switches, the bias 
switches, the option switches, and the 20 latched address lines. 
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3.8.1 TPCS Word (Read Mode) — Coupler Status 

The following status bits are included in WO: 

Bit — Local chassis slave disable 

Bit 1 — Local chassis master disable 

Bit 2 —TPCS bias enable bit (MSB) 

Bit 3 — TPCS bias enable bit 1 (LSB) 

Bit 4 — Force parity error mode 

Bit 5 — Parity error interrupt enable 

Bit 6 — Parity error status 

Bit 7 — Shift/load mode bit 

Bit 8* — Remote power-on status 

Bit 9* —Vector direction 

Bit 10* — Cables crossed indicator 

Bit 11* — Maskable direct interrupt pending 

Bit 12* —Not defined 

Bit 13* — Logic 1 (not used) 

Bit 14* — Logic 1 (not used) 

Bit 15* — Logic 1 (not used) 

Note: 

* Bits 8 through 15 are read-only bits. 

3.8.1.1 Local Chassis Slave Disable — WO, Bit 0. This bit disables the TILINE slave function of 
the local coupler. When set to a logic 1, this bit prevents the local coupler from answering on the 
local TILINE and initiating a TILINE master cycle in the remote chassis. This bit does not prohibit 
access to the coupler local TPCS. 
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Any of the following conditions reset the slave disable bit: 

• Explicit control by a write to TPCS word (bit enable = 0000, set/reset bit = 0) 

• A coupler internal I/O reset due to: 

— Local coupler reset command in TPCS word (bit enable = 1000, set/reset bit = 1) 

— TILINE I/O reset from chassis 

— TILINE power reset from chassis 

— Reset command from remote coupler, with local OSW4 closed 

3.8.1.2 Local Chassis Master Disable — WO, Bit 1. This bit disables the TILINE master function 
of the local coupler. When set to a logic 1, this bit prevents the local coupler from accessing the 
local TILINE. This also prevents the remote coupler from accessing the local coupler TPCS. 

W0, bit 1 is also an input to the diagnostic shift register where it is used as a test input (W4). 

Any of the following conditions reset the local master disable bit: 

• Explicit control by a write to TPCS word (bit enable = 0001 , set/reset bit = 0) 

• A coupler internal I/O reset (refer back to W0, bit for a desciption of the coupler internal 
reset conditions) 

3.8.1.3 TPCS Bias Enable Bits and 1 — W0, Bits 2 and 3. These bits specify the block of TPCS 
addresses which will be mapped to block of the remote chassis. Refer to Table 3-5. 

Table 3-5. TPCS Mapping 

Bits 
2 3 Function 

Disable mapping 

1 Map TPCS addresses of block 1 to block 

1 Map TPCS addresses of block 2 to block 
1 1 Map TPCS addresses of block 3 to block 
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Any of the following operations reset the TPCS mapping bits: 

•" Explicit control by two writes to TPCS word (bit enable = 0010, set/reset bit = and bit 
enable = 001 1 , set/reset bit = 0) 

• A coupler internal I/O reset (refer back to W0, bit for a list of the coupler internal reset 
conditions) 

3.8.1.4 Force Parity Error Mode — W0, Bit 4. When set to a logic 1, this bit toggles the least sig- 
nificant address line as it enters the local parity checking circuitry, forcing a parity error. 

NOTE 

If the force parity error bit is set on both couplers, the incorrect pari- 
ties will cancel each other and no parity error will be generated. 

Either of the following resets the force parity error mode bit: 

• A write to TPCS word (bit enable = 0100) 

• A coupler internal I/O reset (refer back to W0, bit for a description of the reset 
conditions) 

3.8.1.5 Parity Error Interrupt Enable — W0, Bit 5. This bit allows an interrupt on P2-66 when the 
parity error interrupt is set and the proper switch options are selected. Setting this bit to a logic 
prevents the interrupt from appearing. 

A write to TPCS word (bit enable = 0101) or a local coupler reset clears the parity error interrupt 
enable bit. Refer to W0, bit for a list of local coupler reset conditions. 

3.8.1.6 Parity Error Status — W0, Bit 6. This bit reflects the logic level of the coupler parity error 
status line (active high). The coupler executing a slave cycle generates a parity error. The parity 
error status bit is set or reset at both couplers. This bit remains set until the error is cleared at the 
coupler that generated it. 

The parity error LED remains on at both couplers as long as this bit is active high. This bit is not 
affected by the parity error interrupt enable. 



NOTE 

This bit cannot be set by writing to word 0. It can be set by forcing a 
parity error as described with W0, bit 4. 

A write to TPCS word (bit enable = 01 10) or a local coupler reset can reset the parity error status 
bit. Refer to W0, bit for a list of the local coupler reset conditions. 
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3.8.1.7 Shift/Load Mode — WO, Bit 7. This bit determines the mode of the parallel-in, serial-out 
switch feedback shift register. When reset to a logic 0, the shift register is placed in the load mode. 
While in this mode, a read of word 4 latches the switch configurations into the parallel inputs of 
the shift register. 

When set to a logic 1 , the shift register is placed in the shift mode. In shift mode, the switch config- 
uration can be read, one switch at a time, through the serial output of the shift register to the most 
significant data bit of word 4. Each successsive read of word 4 shifts the register by one bit. This 
bit is reset to a logic by a local coupler I/O reset, as described with WO, bit 0. 

3.8.1.8 Remote Power On Status — WO, Bit 8. This bit reflects the status of the remote chassis. 
A logic 1 indicates that the remote chassis is powered up. This bit is read only. 

3.8.1.9 Vector Direction — WO, Bit 9. This bit is true (logic 1) if the preferred direction of TILINE 
transfers is from the local to the remote coupler. This direction is established by the vector control 
cable. This bit is read only. 

3.8.1.10 Cables Crossed Indicator — WO, Bit 10. When this bit is a logic 1, it indicates that the 
inter-coupler address and data cables are cross-connected. A logic indicates that the data cable 
is connected correctly or that no cable is connected to P4. 

3.8.1.11 Maskable Direct interrupt Pending — WO, Bit 11. When this bit is a logic 1, it indicates 
that the maskable direct interchassis interrupt is pending. This bit is not affected by the interrupt 
mask. 

3.8.1.12 WO, Bit 12. This bit is not defined. 

3.8.1.13 WO, Bits 13 Through 15. These bits are read as logic 1 and can be used to identify the 
presence of a coupler. 
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3.8.2 TPCS Word (Write Mode) — Coupler Control 

A write to WORD can only set or reset one bit at a time. The data word sent to word is defined as 
follows: 

BitO —Bit enable (MSB) 

Bit 1 —Bit enable 1 

Bit 2 —Bit enable 2 

Bit 3 —Bit enable 3 (LSB) 

Bit 4 —X 

Bit 5 —X 

Bit6 —X 

Bit 7 —Set/reset 

Bit 8 —X 

Bit 9 — X 

Bit 10 — X 

Bit 11 — X 

Bit 12 — X 

Bit 13 — X 

Bit 14 — X 

Bit 15 — X 

Note: 

X = Don't care. 
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3.8.2.1 Bit Enable — WO, Bits Through 3. These bits indicate which status bit in word is to be 
set or reset, as shown in Table 3-6. 



Table 3-6. TPCS Word Write Enable Bits 



Bit Enable 
12 3 



00 
1 
10 
11 
10 
10 1 
110 
111 
10 
10 1 
10 10 
10 11 
110 
110 1 
1110 

1111 



Status Bit Affected 



Local chassis slave disable 
Local chassis master disable 
TPCS bias enable bit (MSB) 
TPCS bias enable bit 1 (LSB) 
Force parity error mode 
Parity error interrupt enable 
Parity error status (reset only) 
Shift/load mode 
Local coupler reset 
Local chassis reset 
Not defined 
Not defined 
Not defined 
Not defined 
Not defined 
Not defined 
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Writing a logic 1 or logic to the local coupler reset bit issues an IORES- signal to the local 
coupler only. Writing a logic 1 or logic to the remote chassis reset bit issues an IORES- signal to 
the remote chassis only. The IORES- pulse has a duration of 250 nanoseconds. 

3.8.2.2 WO, Bits 4 Through 6. These are don't care bits. 

3.8.2.3 Set/Reset — WO, Bit 7. A logic 1 sets the bit specified by bit enable through 3 (unless 
the specified bit is a reset-only bit). A logic resets the appropriate bit. 

3.8.2.4 WO, Bits 8 Through 15. These are don't care bits. 

3.8.3 TPCS Word 1 (Read Only) — Latched Data 

These bits reflect the data last transferred from the local Tl LINE to the local coupler. Data is trans- 
ferred in this direction during a slave write cycle or a master read cycle. 

3.8.4 TPCS Word 2 — Multiprocessor Host Word 

Word 2 contains the following bits: 

Bit — Attention to auxiliary (ATTNTOAUX) interrupt active 

Bit 1 — Acknowledge to host (ACKTOHOST) interrupt mask 

Bit 2 — Acknowledge to auxiliary (ACKTOAUX) interrupt active 

Bit 3 — Attention to host (ATTNTOHOST) interrupt mask or Interchassis interrupt mask 

Bit 4* — Attention to host (ATTNTTOHOST) interrupt active 

Bit 5* — Acknowledge to auxiliary (ACKTOAUX) interrupt mask 

Bit 6* — Acknowledge to host (ACKTOHOST) interrupt active 

Bit 7* — Attention to auxiliary (ATTNTOAUX) interrupt mask 

Note: 

• Bits 4 through 7 are read-only bits. 

A coupler internal I/O reset command resets all bits of W2. Reset conditions include: 

• Local coupler reset command in TPCS word (bit enable = 1000, set/reset bit = 1) 

• TILINE I/O reset from chassis 

• Tl LI N E power reset from chassis 

• Reset command from remote coupler, with local OSW4 closed 
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3.8.4.1 ATTNTOAUX Active — W2, Bit 0. This bit reflects the status of the attention to auxiliary 
interrupt line (active high). Writing a logic 1 to this bit sets the interrupt. Writing a logic clears the 
interrupt. Option switch 7, if closed, overrides the TPCS inputs to hold the bit reset. 

During normal multiprocessing operations, this interrupt is cleared when the acknowledge to host 
interrupt is activated. The attention to auxiliary mask has no effect on W2, bit 0. 

A local coupler internal reset clears W2, bit 0., 

3.8.4.2 ACKTOHOST Mask — W2, Bit 1. When this bit is set to a logic 0, the acknowledge to 
host interrupt is disabled. When set to a logic 1, the interrupt is enabled. A local coupler reset 
clears the bit. 

3.8.4.3 ACKTOAUX Active — W2, Bit 2. This bit reflects the status of the acknowledge to auxil- 
iary interrupt line (active high). Writing a logic 1 to this bit automatically clears the attention to 
host interrupt and activates the acknowledge to auxiliary interrupt. The acknowledge interrupt is 
activated by the high to low transition of the attention to host interrupt line. Writing a logic to this 
bit clears the acknowledge interrupt. 

During normal multiprocessing operations, the interrupt is cleared when the acknowledge to auxil- 
iary interrupt mask is set to a logic 0. This bit is cleared by IORES- or if option switch 7 is closed. 

3.8.4.4 ATTNTOHOST or Interchassls Interrupt Mask — W2, Bit 3. When using the multi- 
processing interface, this bit is the ATTENTION INTERRUPT -FROM AUXILIARY MASK. When 
using the maskable interchassls interrupt as coming into the local coupler from the remote 
coupler, this bit enables/disables the interrupt onto the backplane. 

In either mode, when this bit is set to a logic 0, the Interrupt is disabled. When set to a logic 1, the 
interrupt is enabled. This bit is cleared by IORES-. When option switch 5 is closed, the inter- 
chassis interrupt is always enabled and this bit always reads as a logic 1. 

3.8.4.5 ATTNTOHOST Active — W2, Bit 4. This bit shows the status of the attention to host 
interrupt line (active high).This bit is read only and is not affected by the attention to host bit. 
Option switch 7, if closed, holds this bit reset. A coupler internal reset will clear this bit. 

3.8.4.6 ACKTOAUX Mask — W2, Bit 5. A logic in this bit indicates that the acknowledge to 
auxiliary interrupt is disabled. A logic 1 indicates that the interrupt is enabled. This bit is read only. 
A coupler internal reset clears this bit. 

3.8.4.7 ACKTOHOST Active — W2, Bit 6. This bit reflects the status of the acknowledge to host 
interrupt line (active high). This bit is read only. Option switch 7, if closed, holds this bit reset. A 
coupler internal reset clears this bit. 

3.8.4.8 ATTNTOAUX Mask — W2, Bit 7. A logic in this bit indicates that the attention to auxil- 
iary interrupt is disabled. A logic 1 indicates that the interrupt is enabled. This bit is read only. A 
coupler internal reset clears the bit. 
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3.8.5 TPCS Word 3 — Multiprocessor Auxiliary Word 

Word 3 consists of the following bits: 

Bit — Attention to host (ATTNTOHOST) interrupt active 

Bit 1 — Acknowledge to auxiliary (ACKTOAUX) interrupt mask 

Bit 2 — Acknowledge to host (ACKTOHOST) interrupt active 

Bit 3 — Attention to auxiliary (ATTNTOAUX) interrupt mask 

Bit 4* — Attention to auxiliary (ATTNTOAUX) interrupt active 

Bit 5* — Acknowledge to host (ACKTOHOST) interrupt mask 

Bit 6* — Acknowledge to auxiliary (ACKTOAUX) interrupt active 

Bit 7* — Attention to host (ATTNTOHOST) interrupt mask 

Note: 

• Bits 4 through 7 are read-only bits. 

A coupler internal I/O reset command resets all bits of W3. Reset conditions include: 

• Local coupler reset command in TPCS word (bit enable = 1000, set/reset bit = 1) 

• TILINE I/O reset from chassis 

• TILINE power reset from chassis 

• Reset command from remote coupler, with local OSW4 closed 

3.8.5.1 ATTNTOHOST Active — W3, Bit 0. This bit shows the status of the attention to host 
interrupt line (active high). Writing a logic 1 to this bit sets the interrupt. Writing a logic clears the 
interrupt. During normal multiprocessing operations, this interrupt is cleared when the acknowl- 
edge to auxiliary interrupt is activated. The attention to host mask has no effect on this bit. A 
coupler internal reset clears this bit. Option switch 7, if closed, keeps the bit reset. 

3.8.5.2 ACKTOAUX Mask — W3, Bit 1. When this bit is set to a logic 0, the acknowledge to auxil- 
iary interrupt is disabled. When set to a logic 1, the interrupt is enabled. A coupler internal reset 
clears this bit. 

3.8.5.3 ACKTOHOST Active — W3, Bit 2. This bit reflects the status of the acknowledge to host 
interrupt line (active high). Writing a logic 1 to this bit automatically clears the attention to auxiliary 
interrupt and activates the acknowledge to host interrupt. The acknowledge interrupt is activated 
by the high to low transition of the attention to auxiliary interrupt line. Writing a logic to this bit 
clears the acknowledge interrupt. 

During normal multiprocessing operations, the interrupt is cleared when the acknowledge to host 
interrupt mask is set to a logic 0. A coupler internal reset clears this bit. Option switch 7, if closed, 
holds the bit reset. 
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3.8.5.4 ATTNTOAUX Mask — W3, Bit 3. When this bit is set to a logic 0, the attention to auxiliary 
interrupt is disabled. When set to a logic 1, the interrupt is enabled. A coupler internal reset clears 
the bit. 

3.8.5.5 ATTNTOAUX Active — W3, Bit 4. This bit shows the status of the attention to auxiliary 
interrupt line (active high). This bit is read only and is not affected by the attention to auxiliary 
mask bit. A coupler internal reset clears this bit. Option switch 7, if closed, holds the bit reset. 

3.8.5.6 ACKTOHOST Mask — W3, Bit 5. A logic in this bit indicates that the acknowledge to 
host interrupt is disabled. A logic 1 indicates the interrupt is enabled. This bit is read only, and is 
cleared by a coupler internal reset. 

3.8.5.7 ACKTOAUX Active — W3, Bit 6. This bit reflects the status of the acknowledge to auxil- 
iary interrupt line (active high). This bit is read only, and is cleared by a coupler internal reset. 
Option switch 7, if closed, holds the bit reset. 

3.8.5.8 ATTNTOHOST Mask — W3, Bit 7. A logic in this bit indicates that the attention to host 
interrupt has been disabled. A logic 1 indicates that the interrupt is enabled. This bit is read only, 
and is cleared by a coupler internal reset. Option switch 5, if closed, forces the bit to appear as a 
logic 1. 

3.8.6 TPCS Word 4 (Read Only) — Coupler Option Verify 

TPCS word 4 is controlled by the shift/load bit of word (WO, bit 7). In load mode, the coupler loads 
the switch setting data in parallel into a parallel-in/serial-out shift register. You cannot read W4 in 
load mode. In shift mode, word 4 data is available, one bit at a time. 

Bit is the only data bit defined for word 4. Bit is the serial output of the parallel-in/serial-out shift 
register. Successive read operations shift the switch data out on W4, bit 0. For all option switches, 
a logic 1 indicates switch closure. Word 4 is a diagnostic word that is not required for single-CPU 
or multiprocessor data transfers. 

Table 3-7 lists the coupler option verify bit assignments. 
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Table 3-7. TPCS Coupler LR Option Verify Bit Assignments 



Bit (Shift Mode) 



Switch Setting or Latched Address 



Readl 
Read 2 
Read 3 
Read 4 
Read 5 
Read 6 
Read 7 
Read 8 

Read 9 
Read 10 
Read 11 
Read 12 
Read 13 
Read 14 
Read 15 
Read 16 

Read 17 
Read 18 
Read 19 
Read 20 
Read 21 
Read 22 
Read 23 
Read 24 



Address lower limit switch (LSB) 

Address lower limit 

Address lower limit 

Address lower limit 

Address lower limit 

Address lower limit 

Address lower limit 

Address lower limit switch (MSB) 

Address upper limit switch (LSB) 

Address upper limit 

Address upper limit 

Address upper limit 

Address upper limit 

Address upper limit 

Address upper limit 

Address upper limit switch (MSB) 

Address bias switch (LSB) 

Address bias 

Address bias 

Address bias 

Address bias 

Address bias 

Address bias 

Address bias switch (MSB) 



Read 25 
Read 26 
Read 27 
Read 28 
Read 29 
Read 30 
Read 31 
Read 32 
Read 33 
Read 34 
Read 35 
Read 36 



OSW1 — Nonmaskable interchassis interrupt option 1 

OSW2 — Nonmaskable interchassis interrupt option 2 

OSW3 — TLIORES- option 1 

OSW4 — TLIORES- option 2 

OSW5 — Mask defeat, maskable interchassis interrupt 

OSW6 — Remote chassis write disable 

OSW7 — Interrupt out, maskable interchassis interrupt 

OSW12 — TPCS enable block 4 

OSW8 — TPCS enable block 

OSW9 — TPCS enable block 1 

OSW10 — TPCS enable block 2 

OSW1 1 — TPCS enable block 3 



Read 37 
Read 38 
Read 39 
Read 40 
Read 41 
Read 42 
Read 43 
Read 44 
Read 45 
Read 46 



Latched 
Latched 
Latched 
Latched 
Latched 
Latched 
Latched 
Latched 
Latched 
Latched 



address 
address 
address 
address 
address 
address 
address 
address 
address 
address 



(TLAD19 
(TLAD18 
(TLAD17 
(TLAD16 
(TLAD15 
(TLAD14 
(TLAD13 
(TLAD12 
(TLAD11 
(TLAD10 



bias)- (LSB) 

bias)- 

bias)- 

bias)- 

bias)- 

bias)- 

bias)- 

bias)- 

bias)- 

bias)- 
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Table 3-7. TPCS Coupler LR Option Verify Bit Assignments (Continued) 

Bit (Shift Mode) Switch Setting or Latched Address 

Read 47 Latched address (TLAD09 + bias)- 

Read 48 Latched address (TLAD08 + bias)- 

Read 49 Latched address (TLAD07 + bias)- 

Read 50 Latched address (TLAD06 + bias)- 

Read 51 Latched address (TLAD05 + biasj- 

Read52 Latched address (TLAD04 + bias)- 

Read 53 Latched address (TLAD03 + bias)- 

Read 54 Latched address (TLAD02 + bias)- 

Read 55 Latched address (TLAD01 + bias)- 

Read 56 Latched address (TLAD00 + bias)- (MSB) 

Read 57 upward — Local master disable (used as a test bit) 



3.8.6.1 Address Lower and Upper Limit Switches — Read 1 Through 16. These bits reflect the 
setting of the lower and upper address limit switches. A logic 1 indicates a switch closure. 

3.8.6.2 Address Bias Switches (Read 17 Through 24). These bits reflect the address bias switch 
settings. A logic 1 indicates switch closure. 

3.8.6.3 Nonmaskable Interchassis Interrupt Option 1 — Read 25. When closed, OSW1 enables 
interchassis interrupts from the back panel (at P2-66) out to the remote coupler. A logic 1 indicates 
switch closure. 

3.8.6.4 Nonmaskable Interchassis Interrupt Option 2 — Read 26. When closed, OSW2 enables 
interchassis interrupts from the remote coupler into the back panel (at P2-66). A logic 1 indicates 
switch closure. 

3.8.6.5 TLIORES- Option 1 — Read 27. When closed, OSW3 enables the TLIORES- signal from 
the local chassis onto the remote coupler. A logic 1 indicates switch closure. 

3.8.6.6 TLIORES- Option 2 - Read 28. When closed, OSW4 enables the TLIORES- signal of the 
remote chassis onto the local coupler. A logic 1 indicates switch closure. 

3.8.6.7 Mask Defeat for Maskable Interchassis Interrupt — Read 29. When closed, OSW5 
always enables the direct maskable interchassis interrupt from the remote chassis to the coupler. 
A logic 1 indicates switch closure. 

3.8.6.8 Remote Chassis Write Disable — Road 30. When closed, OSW6 disables write oper- 
ations to the remote coupler. When open, both read and write operations are enabled. A logic 1 
indicates switch closure. 

3.8.6.9 Interrupt Out, Maskable Interchassis Interrupt — Read 31. When closed, OSW7 allows 
an interrupt originating on P1-66 of the backplane to be sent to the remote coupler. Also, when 
closed, this switch disables the attention and acknowledge multiprocessor interrupts. 
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3.8.6.10 TPCS Enable Bits, Block 4 and Blocks Through 3 — Read 32 Through 36. These bits 
reflect the TPCS block enable switches. A logic 1 indicates switch closure. 

3.8.6.11 Latched Address Bits (Including Bias) — Read 37 Through 56. These bits are low true 
and reflect the 20-bit TILINE address which was presented to the coupler during the last TILINE 
coupler slave cycle. The latched address is equal to the TILINE address added to the bias set in the 
offset switches. 



NOTE 

The latched address bits are the only bits that the remote coupler 
cannot load into the local feedback shift register. This is due to the 
fact that the address that the remote coupler maps to the local 
coupler uses the same address bus that is needed to feedback the 
latched address bits. However, if the values have already been 
loaded into the feedback register, then the remote coupler is able to 
place the register in the shift mode and read all of the switch and 
address feedback bits. 



3.8.6.12 Local Master Disable (Test Bit) — Read 57 and Beyond. This bit is the same bit as 
described in WO, bit 1. It is provided here as a test bit. By setting or resetting this bit (through word 
0), a known state can be shifted through the entire serial path of the shift register. 
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Using the Multiprocessor Interface 



A.1 GENERAL 

This appendix describes how to use the multiprocessor interface of the TILiNE coupler. The 
appendix describes a few possible configurations, a typical sequence of operations, and similari- 
ties with the 990/10A multiprocessor interface. The last part of the appendix describes the mask- 
able and nonmaskable interchassis interrupts and some considerations for multiprocessing 
configurations. 

A.2 MULTIPROCESSOR OPERATION 

The multiprocessor interface of the TILINE coupler facilitates supervisory communication 
between the host and auxiliary processors by means of interrupts. Two words in the coupler's 
TILINE peripheral control space (TPCS) set and clear these interrupts. The on-board TPCS base 
address switches determine the addresses of these words. 

Both the host and auxiliary processors receive interrupts off the backplane. A host is presumed to 
be in slot 1 of the main chassis. A slot 1 processor receives the interrupts off the backplane on 
P1-66. One or more auxiliary processors can be in the expansion chassis. An auxiliary processor in 
slot 1 receives the interrupts off the backplane in the same way as the host. When the auxiliary is 
in any slot other than slot 1, the backplane jumper plug must be modified so that the interrupts 
coming In from the coupler on P1-66 are directed out to the auxiliary on P1-66 or P2-66. 

The attention interrupt begins interaction between the host and auxiliary processors, and the 
acknowledge interrupt is the response. Each coupler contains a complete multiprocessor inter- 
face; however, only one interface is ever used during an attention-acknowledge interrupt 
sequence. The other coupler's interface is never accessed. 

NOTE 

While it is conceivable to use one coupler's interface for one inter- 
rupt sequence and the other coupler's interface for the next 
sequence, extra care must be taken to insure that all the interrupts 
are disabled on the interface that is not in use. Switching from one 
interface to the other is not recommended. 



To decide which coupler's multiprocessor interface to use, take the following steps: 

1 . Designate one processor as the host and the processor in the other chassis as the auxil- 
iary. This first step is necessary to be consistent with the interface bit definitions in 
Tables A-1 and A-2. 
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2. Designate the coupler in the host's chassis as the host coupler. It is the host coupler's 
multiprocessor interface that is used. The host processor accesses TPCS word 2, while 
the auxiliary processor accesses TPCS word 3 of the host coupler. 

A.2.1 Host Processor Interface 

The host can interrupt the auxiliary processor by setting the attention to auxiliary interrupt bit to 
one in the host coupler's multiprocessor interface. The auxiliary can enable this interrupt by set- 
ting the attention interrupt mask to one, but the power-up sequence initially leaves the mask reset 
to zero. The host must initialize the auxiliary with an appropriate interrupt vector and then enable 
the attention mask before generating the attention interrupt. The auxiliary acknowledges the inter- 
rupt by clearing the attention interrupt from the host. This automatically causes an acknowledge 
interrupt to the host. The host enables acknowledge interrupts by setting the acknowledge mask 
to one. Table A-1 lists the bit definitions of the host interrupts. 



Table A-1 . Interface Bits as Seen by the Host Processor 



Address Bit Value 



Meaning When Read 



Value 



Meaning When Written 



Word 2 






1 


ATTNTOAUX inactive 
ATTNTOAUX active 



1 


Word 2 


1 





ACKTOHOST masked 









1 


ACKTOHOST unmasked 


1 


Word 2 


2 



1 


ACKTOAUX inactive 
ACKTOAUX active 



1 


Word 2 


3 





ATTNTOHOST masked 









1 


ATTNTOHOST unmasked 


1 


Word 2 


4 



1 


ATTNTOHOST Inactive 
ATTNTOHOST active 




Word 2 


5 



1 


ACKTOAUX from host masked 
ACKTOAUX unmasked 




Word 2 


6 



1 


ACKTOHOST inactive 
ACKTOHOST active 




Word 2 


7 



1 


ATTNTOAUX from host masked 
ATTNTOAUX unmasked 





Clear ATTNTOAUX (test mode) 
Send ATTNTOAUX interrupt 

Mask out, clear ACKTOHOST 
interrupt from auxiliary 
Enable ACKTOHOST Interrupt 
from auxiliary 

Clear ACKTOAUX (test mode) 
Clear ATTNTOHOST from auxiliary 
and send ACKTOAUX interrupt 

Mask out attention interrupt from 

auxiliary 

Enable attention interrupt 

N/A 



N/A 



N/A 



N/A 
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A.2.2 Auxiliary Processor interface 

An auxiliary processor can interrupt the host by setting the attention to host interrupt bit. If the 
host sets the attention interrupt mask to one, the host is interrupted from the backplane. The host 
acknowledges this interrupt by clearing the attention interrupt. Clearing the attention interrupt 
generates an acknowledge interrupt back to the auxiliary. Table A-2 lists the bit definitions of the 
auxiliary interrupts. 



Table A-2. Interface Bits as Seen by the Auxiliary Processor 



Address Bit Value Meaning When Read Value 



Meaning When Written 



Word 3 



Word 3 



Word 3 



Word3 






ATTNTOHOST inactive 





1 


ATTNTOHOST active 


1 





ACKTOAUX from host masked 





1 


ACKTOAUX unmasked 


1 





ACKTOHOST not active 





1 


ACKTOHOST active 


1 





ATTNTOAUX masked 





1 


ATTNTOAUX unmasked 


1 



Clear attention interrupt (test 

mode) 

Send ATTNTOHOST interrupt 

Mask out and clear interrupt from 

auxiliary 

Enable acknowledge interrupt 

Clear acknowledge interrupt (test 

mode) 

Clear attention interrupt from host 

and send ACKTOHOST 

Mask out attention interrupt from 

host 

Enable attention interrupt from 

host 



Word 3 


4 



1 


ATTNTOAUX inactive 
ATTNTOAUX active 


Word 3 


5 



1 


ACKTOHOST masked 
ACKTOHOST unmasked 


Word 3 


6 



1 


ACKTOAUX not active 
ACKTOAUX active 


Word 3 


7 



1 


ATTNTOHOST masked 
ATTNTOHOST unmasked 



N/A 



N/A 



N/A 



N/A 
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A.3 MULTIPROCESSOR CONFIGURATIONS 

Figure A-1 shows one possible configuration of a multiprocessor system. 

In Figure A-1, the relationship between the host and the auxiliary processors can assume many 
forms. Only one is discussed here. In this case, the operating system of each auxiliary processor 
requires a host processor to be present in the system. The host uses auxiliary processors 1 and 
slot 1 to execute tasks. The auxiliary processors are loaded with a kernel that supports the 
coupler's multiprocessor interface and, to a limited extent, the communications port (if 
applicable). The kernel used by each auxiliary processor is assumed not to support a user without 
interaction with the host. 

The slot 1 auxiliary processor controls auxiliary processor S1 with the same relationship as the 
host processor controls Its auxiliary processors. The slot 1 auxiliary processor is loaded with a 
kernel that allows it to schedule tasks with its auxiliary processor and to perform I/O. Thus, the 
slot 1 auxiliary appears as an auxiliary to the host and as a host to auxiliary S1. One primary advan- 
tage of this configuration is the expansion of the host's I/O capabilities by utilizing the slot 1 
auxiliary. 



r 



T1LINE COUPLER A 
(HOST COUPLER) 



HOST PROCESSOR 
(SLOT 1) 



l_ L 



T1LINE COUPLER B 
(AUXILIARY COUPLER) 



AUXILIARY PROCESSOR t 



AUXILIARY PROCESSOR SI 



SLOT t AUXILIARY 
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Figure A-1 . Multiprocessor Configuration With Host and Auxiliaries 
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In Figure A-1, coupler A can be designated the host coupler. Both the slot 1 processor and auxil- 
iary processor 1 access the multiprocessor interface of the host coupler to control interrupts to 
the host processor. Since the slot 1 auxiliary and auxiliary processor 1 share the same interrupt 
level from the host's point of view, the host processor must have some method for determining 
which processor interrupted it. One method is to set up a flag in memory, which all processors 
have access to, that indicates which auxiliary generated the interrupt. 

Interrupts sent by the host will be received by both the slot 1 processor and the auxiliary 1 pro- 
cessor at the same time (assuming the backplane jumper plug is configured correctly). Therefore, 
the auxiliary processors need a method to determine which of them was meant to receive the inter- 
rupt. Again, one such method is to set up a flag in memory, which all processors have access to, 
that indicates which auxiliary the interrupt was meant for. 

Figure A-2 shows a second configuration that includes multiple hosts. 

The configuration in Figure A-2 requires that each host operate under its own operating system. 
This configuration does not allow host A to legally control an auxiliary of host B or vice-versa. 
Multiprocessing interrupts are passed between a host and its auxiliaries or between the two hosts. 

Only the host-to-host communication can use the coupler's multiprocessing interface. In this con- 
figuration, it makes no difference whether coupler A or coupler B provides the multiprocessor 
interface. 



TILINE COUPLER A 



AUXILIARY PROCESSOR A2 
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Figure A-2. Multiprocessors With Multiple Hosts 
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A.4 TYPICAL SEQUENCE OF OPERATIONS 

In the following discussion, all references to setting and resetting interrupts and interrupt masks 
involve the multiprocessing interface of the host coupler only. The term local refers to the host 
chassis; remote refers to the expansion chassis. 

A typical sequence of operations involving communications between a host and an auxiliary in a 
multiprocessor system might be: 

1 . The auxiliary processor powers up and executes self-test (except the load portion), sets 
the attention to auxiliary interrupt mask to enable attention interrupts by the host pro- 
cessor, and goes to IDLE. 

2. The host processor checks to see If the auxiliary processor has powered up. This can be 
done by checking the TPCS of the local coupler for RPWRON to be true. To provide ini- 
tial instructions to the auxiliary processor, the host may write a task into the auxiliary 
processor's memory for it to execute, or the auxiliary may be loaded with a kernel caus- 
ing it to read an interprocessor message area in the system table area. The host pro- 
cessor then sets the attention Interrupt to the auxiliary processor and simultaneously 
enables the acknowledge interrupt back from the auxiliary processor. 

3. The auxiliary processor acknowledges that it received the attention interrupt (and pos- 
sibly that it understood its instructions) by setting the acknowledge interrupt. The set- 
ting of the acknowledge interrupt clears the attention interrupt. 

4. The host responds to the acknowledge by testing the acknowledge bit for a 1 . If the host 
processor has multiple auxiliary processors on the same interrupt level and more than 
one is capable of generating the acknowledge interrupt at any one time, the host needs a 
method to determine which auxiliary processors) has generated the interrupt. There is 
no information residing on the coupler that indicates which processor accessed its 
TPCS. The host then sets the enable acknowledge bit to zero to clear the acknowledge 
bit. The acknowledge status latch is cleared on the high to low transition of the enable 
acknowledge bit. 

5. The auxiliary processor, upon completion of its task or when in need of service, begins 
the preceding sequence. In this case, the words auxiliary and host are interchanged in 
the preceding description. 



A.Q 2272075-9701 



Using the Multiprocessor Interface 



If the processor that initiates the sequence (sets attention to one) is to poll for acknowledgement, 
rather than to accept interrupts, the following sequence applies: 

1. The auxiliary processor powers up and executes self-test (except the load portion), sets 
the attention to auxiliary interrupt mask to enable attention interrupts by the host pro- 
cessor, and goes to IDLE. 

2. The host processor checks to see if the auxiliary processor has powered up by checking 
the TPCS of the local coupler for remote power on. To provide initial instructions to the 
auxiliary processor, the host may write a task into the auxiliary processor's memory for it 
to execute, or the auxiliary may be loaded with a kernel causing it to read an inter- 
processor message area in the system table area. The host processor then sets the 
attention interrupt to the auxiliary processor and simultaneously enables the acknowl- 
edge interrupt back from the auxiliary processor. 

3. The auxiliary processor acknowledges that it received the attention interrupt (and pos- 
sibly that it understood its instructions) by setting the acknowledge interrupt. Setting 
the acknowledge interrupt clears the attention interrupt. In this case, the acknowledge 
interrupt is not generated because it is masked. 

4. The host polls for the acknowledge by testing the acknowledge bit for a 1 . The host then 
sets the enable acknowledge bit to a 1 . Finally, the host sets the enable acknowledge bit 
to zero. This sequence is necessary because the acknowledge bit is cleared only on the 
falling edge of the enable acknowledge interrupt bit. Logic in the interface prevents the 
acknowledge interrupt from being generated when the enable acknowledge bit is set to 
1 in this mode. 

5. The auxiliary processor, upon completion of its task or when in need of service, will 
begin the preceding sequence. Interchange the words auxiliary and host in the preced- 
ing description. 
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NOTE 

In no case should a processor write to its control word (after setting 
its attention bit to a 1) until either it has seen an acknowledge from 
the other processor or the other processor is verified to have halted 
(FAULT is true). If a processor were to attempt to modify a bit in its 
control word with the attention bit set to a 1, it could not correctly 
predict the value to be written into the attention bit. The reason is 
that the state of the attention bit may be changed at any time by the 
processor responding to the attention. A read followed by a write 
will not guarantee successful prediction because the responding 
processor may have its memory access interleaved with the desired 
read-write sequence. 

The processor that sets the acknowledge bit should not clear the 
bit. Acknowledge will be cleared by the processor responding to the 
acknowledge. If the processor that sets the acknowledge also 
resets the acknowledge, the processor responding to the acknowl- 
edge may not be able to successfully test the acknowledge bit 
before it Is reset and therefore may not be able to determine the 
source of the interrupt. 

The preceding examples will suffice when messages are not queued across the interface. If 
queued requests are desired, then the following sequence is required: 

1 . The host writes a message in the interprocessor communication area and sets attention 
to the auxiliary. The auxiliary processor reads (copies) the message and responds with 
acknowledge. When the auxiliary is finished, it will respond with an attention interrupt to 
the host. 

2. The host wishes to put the next message in the auxiliary queue. It is possible that both 
the host and the auxiliary will get their attention set on consecutive TILINE cycles and 
lock up the interface (see the preceding note). To prevent this, the host disables inter- 
rupts (LIMI 2), sets the attention mask, and then re-enables interrupts. This is necessary 
because the auxiliary could set the interrupt during the TILINE cycle before the mask 
was set. When the auxiliary responds with an acknowledge for the message just sent, 
the host can then disable interrupts, enable attention, and re-enable interrupts. When 
the auxiliary sees the attention interrupt from the host, it verifies that the host has 
masked off the attention interrupt from the auxiliary so that the host will not acknowl- 
edge the attention. The state of the attention will not change, allowing the auxiliary to 
write into its control word even though attention is set. 
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The preceding queuing routine requires that interrupts be disabled for a short period of time. 
Another approach can be used to overcome the requirement of disabling the interrupts. A lock- 
word convention can be established, using a dedicated memory location. This location signals 
availability by showing a negative value. A processor desiring access tests the lockword, using the 
ABS instruction. The ABS instruction sets a positive value if the location contains a negative 
value. The status register indicates whether the value was changed or was already positive, indi- 
cating another processor had access. When access is complete, the processor sets the lockword 
negative. (A negate instruction is sufficient for this operation, since a conflict is not posssible.) A 
processor finding the lockword positive postpones its access until a negative value is found. 

A.5 SIMILARITY TO THE 990/10A MULTIPROCESSING INTERFACE 

The TILINE coupler's multiprocessor interface has been designed to simulate the 990/10A inter- 
face. The coupler's multiprocessor interface appears to all other processors, in terms of both hard- 
ware and software, as the multiprocessor interface of a 990/10A acting in the auxiliary mode with 
the following exceptions: 

• Bit 8 of WORD 2, auxiliary processor busy/idle, has been omitted from the coupler's 
interface. 

• Bit 9 of WORD 2, auxiliary passed/failed self-test, has been omitted from the coupler's 
interface. 

In order to check if the auxiliary processor has power, the host can check if the remote chassis 
power on status bit (RPWRON) is set to one. As long as these exceptions are allowed for, software 
developed for communication with the 990/10A interface can be used for communicating with the 
coupler's interface. 



A.6 CONSIDERATIONS IN MULTIPROCESSING CONFIGURATIONS 

The TILINE coupler's multiprocessor interface has been designed to allow any host-to-auxiliary(s) 
combination of 990 CPU microcomputers. Its versatility lies in the fact that any microcomputer 
that can access the TPCS and that can receive interrupts off the backplane interrupt jumper plug, 
can control interrupts through the coupler's multiprocessor interface without regard to what type 
of processor it is communicating with. Several configurations that were not previously possible 
are now allowed. For example, the 990/12 can now act as a slot 1 auxiliary (as shown in Figure A-1) 
with either a 990/10, a 990/10A, or a 990/12 as the host processor. Similarly, the 990/10 can now act 
as a slot 1 auxiliary (as shown in Figure A-1) with either a 990/10, a 990/10A, or a 990/12 as the host 
processor. 

The multiprocessor interrupts emulate a Model 990/10A computer multiprocessor interrupt 
structure, and are not directly compatible with the CRU-based 990/5 multiprocessor scheme. To 
use the multiprocessor interrupts, the 990/5 software must emulate the 990/10A multiprocessor 
scheme. 

it should be noted that a 990/5 CPU can conceivably act as the host to any of the higher level 990 
microcomputers, but because of its limitations in addressing this would be a highly improbable 
configuration. 



2272075-9701 Change 1 A-9/A-10 



Appendix B 

Configuring the 
Multiprocessor Interface 



B.1 ENABLING THE DIRECT NONMASKABLE INTERRUPT 

In addition to the multiprocessing interface, two direct interchassis interrupts are available for 
multiprocessing. One of the interrupts is direct and nonmaskable. This interrupt appears on 
P2-66 and can be configured as either an incoming or outgoing interrupt. When configured as an 
incoming interrupt, option switch 1 is closed on the local coupler and open on the remote coupler, 
while option switch 2 is open on the local coupler and closed on the remote coupler. When con- 
figured as an outgoing interrupt, the option switches are reversed on both couplers. 

NOTE 

Never close option switches 1 and 2 on the same coupler. 

The nonmaskable interchassis interrupt is independent of the multiprocessor interface and can be 
used during multiprocessing operations. 

B.2 ENABLING THE DIRECT MASKABLE INTERRUPT 

The second interrupt is also direct, and it can be configured as either maskable or nonmaskable 
and as either incoming or outgoing. This interrupt appears on Pt-66. When configured as an out- 
going, maskable interrupt, option switch 7 is closed on the local coupler and open on the remote 
coupler. Option switch 5 (mask defeat) is also open on the remote coupler. 

NOTE 

Because of the danger of the interrupt latching itself across the two 
chassis, never close option switch 7 (OSW7) on both couplers at the 
same time. 



The mask for the outgoing interrupt is on the remote coupler (Word 2, Bit 3— interchassis interrupt 
mask). To make the outgoing interrupt unmaskable, close option switch 5 (OSW5) on the remote 
coupler. 

When configured as an incoming, maskable interrupt, option switch 7 is open on the local coupler 
and closed on the remote coupler, and option switch 5 is open on the remote coupler. The mask for 
the incoming interrupt is on the local coupler (word 2, bit 3). To make the incoming interrupt 
unmaskable, close option switch 5 on the local coupler. 
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Configuring the Multiprocessor Interface 



The maskable interchassis interrupt is not independent of the multiprocessing interface, and you 
must choose one or the other for handling interrupts on P1-66. 

B.3 WIRING THE INTERCHASSIS INTERRUPTS 

In almost every expansion system that uses the direct interrupts, you need to install the pro- 
grammable interrupt board in the expansion chassis. Figure B-1 shows the pattern of terminals on 
the programmable interrupt board. Interrupt outputs from ail the P1 connectors in slots 2 through 
13 are on the left side, and the P2 interrupts are on the right side. The middle row of terminals are 
the interrupt level inputs to slot 1. Interrupt levels 3 through 15 are the only levels available in a 
computer chassis. Do not make any connections to levels through 2 or 16 through 23 except in an 
expansion chassis. The Programmable Interrupt Kit, Tl part number 2309285-1, contains general 
instructions for wiring the interrupt board. Some additional remarks are needed for use with the 
Tl LINE couplers. 
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Figure B-1. Programmable Interrupt Board 
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Configuring the Multiprocessor Interface 



If the expansion coupler is located in any slot other than slot 1 , the wiring is straightforward. When 
using the direct nonmaskable interrupt, connect all the interrupt outputs in a daisy chain from the 
P1 and/or P2 side to the P2 side of the coupler at its respective slot. Similarly, when using the 
direct maskable interrupt, connect all the interrupt outputs in a daisy chain from the P1 and/or P2 
side to the P1 side of the coupler at its respective slot. An example appears in Figure B-2. In this 
example, three P2 interrupt outputs (from boards located in slots 7 through 10) are connected in a 
daisy chain to the P2 side of the coupler (located in slot 2). Three other P2 interrupt outputs (from 
boards located in slots 11 through 13) are also connected in a daisy chain to the P1 side of the 
coupler. 
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Figure B-2. Sample Interrupt Wiring Schematic With TILINE Coupler in Slot 2 



2272075-9701 



Change 1 



B-3 



Configuring the Multiprocessor interface 



If the expansion coupler Is located in slot 1, the wiring is less obvious. In this case, the coupler's 
P2 side corresponds to the terminal marked INTERRUPT 14, while the P1 side corresponds to 
INTERRUPT 2. The remainder of the wiring procedure is the same as that described for an expan- 
sion coupler located in a slot other than slot 1 . An example appears in Figure B-3. This example is 
the same as that in Figure B-2 except that the coupler is in slot 1. 
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Figure B-3. Sample Interrupt Wiring Schematic With TILINE Coupler in Slot 1 



B-4 



Change 1 



2272075-9701 



Configuring the Multiprocessor Interface 



NOTE 

Regardless of how the interrupts are wired through the coupler in 
the expansion chassis, the main chassis coupler determines the 
actual interrupt level (as recognized by the main chassis CPU). All 
interrupt outputs connected to the P2 side of the expansion coupler 
have the same interrupt level as the P2 side of the main coupler. All 
interrupt outputs connected to the P1 side of the expansion coupler 
have the same interrupt level as the P1 side of the main coupler. 
Thus, if the coupler's P1 side has a different interrupt level than the 
P2 side, the main coupler should not be in a slot that has the P1 and 
P2 sides connected together; that is, the coupler should not be in 
slot 6 when using the standard 990 interrupt levels in the main 
chassis. 
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Appendix C 

Examples of TILINE 
Expansion Configurations 



C.1 INTRODUCTION 

This appendix provides examples of different TILINE expansion configurations with particular 
attention paid to TPCS base address switch settings. Every possible configuration is not covered, 
but the concepts discussed should make it possible to configure a wide variety of special applica- 
tion systems. 



NOTE 

Before you review the following examples, read paragraphs 1.5 
through 1.6.4 for a general introduction to the TILINE coupler and its 
various switches. 



All TPCS addresses referred to in the following examples are central processor byte addresses in 
the range from >F800 to >FBF0. All memory addresses referred to in the following examples are 
TILINE byte addresses in the range from >000000to >1FF7FF. 

C.2 TILINE EXPANSION WITH SLAVES ONLY 

Tables C-1 and C-2 show an expansion chassis containing communication controllers. Except for 
the TILINE coupler, the expansion chassis contains only slave devices. In this system, the direc- 
tion the vector is pointing on the control cable does not matter, since the possibility of having 
simultaneous coupler requests for the TILINE does not exist. Since the expansion chassis con- 
tains only slave devices, option switch 12 can be closed on the main coupler to allow access to all 
the CI403s in the expansion chassis. Later examples demonstrate that when the expansion 
(or remote) chassis contains a master device, option switch 12 must be open. 

In Tables C-1 and C-2, all the CI403s in the expansion chassis are connected on the same interrupt 
level, which necessitates a programmable interrupt card. The CI403s are then fed back to the main 
chassis on the couplers' P2 direct interrupt line. The P2 interrupt is enabled with option switch 1 
closed on the expansion coupler and option switch 2 closed on the main coupler (as described in 
Tables C-1 and C-2). 



NOTE 

In Tables C-1 through C-8, each CI403 full slot board has four ports, 
with one 931 VDT connected to each port. 
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Examples of TILINE Expansion Configurations 







Table C-1 . Main Chassis TILINE Expansion 


— Slaves Only 




Slot 


Address 


Main Chassis — 

P1 
Circuit Board 


S800 (Includes Standard Interrupt Card) 

Interrupt P2 
Level Address Circuit Board 


Interrupt 
Level 


1 


N/A 


990/12 LR SMI 


N/A 


N/A 


990/12 LR SMI 


N/A 


2 


N/A 


990/12 LRAU 


N/A 


N/A 


990/12 LRAU 


N/A 


3 


>FB10 


512KB Cache . 
Controller 


N/A 


>FB10 


51 2K Cache 
Controller 


N/A 


4 


N/A 


1MB Memory Array 


N/A 


N/A 


1MB Memory Array 


N/A 


5 


>0B00 
and 
>0B80 


810onCI402 
810onCI402 


7 
7 


>0200 


3270onBCAIM 


3 


6 


>FA80 


TILINE Coupler 


11 


>FA80 


TILINE Coupler 


11 


7 


>F800 


Disk Control A 


9 


>F800 


Disk Control A 


13 


8 


>F880 


Tape 


8 


>F880 


Tape 


14 


9 


>F9A0 


931 on CI403 


N/A 


>F9A0 


931 on CI403 


10 


10 


>F980 


931 on CI403 


12 


>F980 


931 on CI403 


11 


11 


>00A0 




3 


>0080 


LP600onLP1 


7 


12 


>F990 


931 on CI403 


14 


>F990 


931 on CI403 


4 


13 


>0020 


Auto Call 


15 


>0000 


3780 on BCAIM 


6 



Examples of switch settings for the main chassis TILINE coupler are as follows: 



Switch 

Option Switch 
Lower Limit 
Upper Limit 
Bias Switches 
TPCS Base 



1 



6 



8 



9 



10 



11 12 



OFF ON ON OFF OFF OFF OFF OFF OFF OFF OFF ON 

OFF OFF OFF OFF OFF OFF OFF OFF 

ON ON ON ON ON ON ON ON 

X X X X X X X X 

OFF ON OFF ON ON ON 



Switch 

Lower limit 
Upper limit 
Bias 



Memory Address Window 

No address window 



SW8-SW12 are TPCS address block enables. 
Vector points in either direction. 
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Table C-2. Expansion Chassis TILINE Expansion — Slaves Only 

Expansion Chassis — S800 (Includes Programmable Interrupt Card) 
P1 Interrupt P2 



ot 


Address 


Circuit Board 


1 


>FAA0 


TILINE Coupler 


2 






3 






4 






5 






6 






7 


>FA10 


931 on CI403 


8 


>FA00 


931 on CI403 


9 


>F9F0 


931 on CI403 


10 


>F9E0 


931 on CI403 


11 


>F9D0 


931 on CI403 


12 


>F9C0 


931 on CI403 


13 


>F9B0 


931 on CI403 



Level 



Address 



Circuit Board 



Interrupt 
Level 



>FAA0 TILINE Coupler 



>FA10 


931onCI403 11 


>FA00 


931onCI403 11 


>F9F0 


931onCI403 11 


>F9E0 


931onCI403 11 


>F9D0 


931onCI403 11 


>F9C0 


931 on CI403 1 1 


>F9B0 


931onCI403 11 



Examples of switch settings for the expansion chassis TILINE coupler are as follows: 



Switch 

Option Switches 
Lower Limit 
Upper Limit 
Bias Switches 
TPCS Base 



1 



8 



10 11 



12 



ON OFF OFF ON OFF OFF OFF OFF OFF OFF OFF OFF 
OFF OFF OFF OFF OFF OFF OFF OFF 
ON ON ON ON ON ON ON ON 
XXXXXXXX 
OFF ON OFF ON OFF ON 



Switch 

Lower Limit 
Upper Limit 
Bias 



Memory Address Window 

No address window 



SW8-SW12 are TPCS address block enables. 
Vector points in either direction. 
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C.3 TILINE EXPANSION WITH MASTER AND SLAVE DEVICES 

In Tables C-3 and C-4, the TILINE Is expanded to both master and slave devices. In this configu- 
ration, the CPU accesses only TPCS addresses in the remote chassis, as in Tables C-1 and C-2. 
Cycles originating in the expansion chassis are transfers between disk control B and main chassis 
memory. Thus the possibility of a wait state exists, and only valid addresses should be sent across 
the couplers (in either direction). That is, only addresses that are expected to access a device in 
the other chassis should be sent. TILINE cycles from the remote to the main chassis are all 
memory cycles, and the only requirements are setting the upper limit, lower limit, and bias 
switches on the remote coupler (as described in Tables C-3 and C-4). 

TILINE cycles from the main to remote chassis are all TPCS cycles. The CPU must be allowed to 
access all the TPCS addresses in the remote chassis, but when the CPU accesses a local TPCS 
address (such as the system disk at > F800), that address must not be allowed across the coupler. 
To accomplish this, allocate all the TPCS addresses of the main chassis into blocks and 1, and 
allocate all the TPCS addresses of the remote chassis into blocks 2 and 3. The TPCS block enable 
switches (option switches 8 through 12) are then set on the main coupler as described in Table C-3. 

NOTE 

The TILINE coupler automatically prevents its own TPCS address 
from going across to the other chassis, so it is not necessary to 
restrict this address to any particular block. 

In this system, the vector direction is important in determining which chassis has priority when 
simultaneous transfers across the couplers occur. The vector direction should point away from 
the slowest master device that is transferring data across the couplers. In most cases, this means 
the vector direction should be pointed from the remote to the main chassis, as noted in Tables C-3 
and C-4. 

As described in Tables C-1 and C-2, the interrupts from the CI403s in the expansion chassis are fed 
back to the main chassis through the P2 interrupt of the couplers. The interrupt for disk control B 
is fed back on the P1 interrupt line. To allow the P1 interrupt, option switch 7 is closed on the 
expansion coupler, and option switch 5 is closed on the main coupler. 
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Table C-3. Master Chassis TILINE Expansion — Multiprocessing and Slaves 







Master Chassis - 


- S800 (Includes Standard Interrupt Card) 




Slot 


Address 


P1 
Circuit Board 


Interrupt 
Level 


Address 


P2 
Circuit Board 


Interrupt 
Level 


1 


N/A 


990/12 LR SMI 


N/A 


JM/A 


990/12 LR SMI 


N/A 


2 


N/A 


990/12 LRAU 


N/A 


N/A 


990/12 LRAU 


N/A 


3 


>FB10 


512KB Cache 
Controller 


N/A 


>FB10 


512KB Cache 
Controller 


N/A 


4 


N/A 


1MB Memory Array 


N/A 


N/A 


1MB Memory Array 


N/A 


5 


>0B00 

or 
>0B80 


810onCI402 
810onCI402 


7 
7 


>0200 


3270onBCAIM ' 


3 


6 


>F980 


931 on CI403 


11 


>F980 


931 on CI403 


11 


7 


>F800 


Disk Control A 


9 


>F800 


Disk Control A 


13 


8 


>F880 


Tape 


8 


>F880 


Tape 


14 


9 


>FAA0 


TILINE Coupler 


8 


>FAA0 


TILINE Coupler 


10 


10 


>F990 


931 on CI403 


12 


>F990 


931 on CI403 


11 


11 


>00A0 




3 


>0080 


LP600onLPI 


7 


12 


>F9C0 


931 on CI403 


14 


>F9C0 


931 on CI403 


4 


13 


>0020 


Auto Call 


15 


>0000 


3780onBCAIM 


6 



Examples of switch settings for the chassis A TILINE coupler are as follows: 



Switch 

Option Switch 
Lower Limit 
Upper Limit 
Bias Switches 
TPCS Base 



1 



6 



8 



9 



10 



OFF ON ON OFF ON OFF OFF OFF OFF ON 
OFF OFF OFF OFF OFF OFF OFF OFF 
ON ON ON ON ON ON ON ON 
XXXXXXXX 
OFF ON OFF OFF ON 



11 

ON 



12 

OFF 



Switch 

Lower limit 
Upper limit 
Bias 



Memory Address Window 

No address window 



SW8-SW12 are TPCS address block enables. 
Vector points toward main chassis. 
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1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 



Table C-4. Expansion Chassis TILINE Expansion — Multiprocessing and Slaves 



Expansion Chassis — S800 (Includes Programmable Interrupt Card) 
P1 Inllerrupt P2 



Slot Address 



Circuit Board 



>FAC0 TILINE Coupler 



>F840 



931 on CI403 
931 on CI403 
931 on CI403 
931onCI403 
931 on CI403 
931 on CI403 
931 on CI403 
Disk Control B 



Level 



Address 



Circuit Board 



>FAC0 TILINE Coupler 



Interrupt 
Level 



12 



>FA60 


931 on CI403 


11 


>FA50 


931 on CI403 


11 


>FA40 


931 on CI403 


11 


>F9F0 


931 on CI403 


11 


>F9E0 


931 on CI403 


11 


>F9D0 


931 on CI403 


11 


>F9C0 


931 on CI403 


11 


>F840 


Disk Control B 





Examples of switch settings for the chassis B TILINE coupler are as follows: 



Switch 



6 



8 



9 



10 



11 12 



Option Switches 


ON OF 


Lower Limit 


ON ON 


Upper Limit 


OFF ON 


Bias Switches 


ON ON 


TPCS Base 


OFF ON 




Switch 




Lower Limit 




Upper Limit 




Bias 



OFF OFF ON OFF OFF ON OFF OFF OFF OFF OFF 

ON ON ON ON ON ON 

OFF OFF OFF OFF OFF OFF 

ON ON ON ON ON ON 

OFF OFF ON ON 

Memory Address Window 

> 000000 
>17FFFF 
No bias 

SW8-SW12 are TPCS address block enables. 

Vector points toward main chassis. 
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C.4 TILINE EXPANSION IN MULTIPROCESSING WITH SHARED MEMORY 

Tables C-5 and C-6 describe TILINE expansion in a multiprocessor system with shared memory in 
chassis B. In this system, CPU A has access to 1.75M bytes of physical memory. This accessible 
memory consists of the 1.5M bytes in CPU A's own chassis, plus the last 256K bytes of chassis B's 
memory. The last 256K bytes of chassis B's memory appear to CPU A in the address range from 
> 180000 to >1BFFFF. The lower limit, upper limit, and bias switches on the coupler in chassis A 
are set as described in Tables C-5 and C-6. 

CPU B, on the other hand, has access to 1.5M bytes of memory, all physically located in its own 
chassis. Thus, the last 256K bytes in chassis B are shared by both CPUs. To CPU B, the shared 
memory space appears in the range from > 140000 to >17FFFF. The shared memory space can be 
used for exchanging blocks of data, maintaining multiprocessing status flags, and so on. 

In addition to sharing some of chassis B's memory, both CPUs may require access to either 
coupler's TPCS. As described in Tables C-3 and C-4, it is extremely important that all local TPCS 
addresses not be allowed across the couplers, while the couplers must still allow access to cer- 
tain remote TPCS addresses. This is accomplished by the following steps: 

1. Allocate remote TPCS addresses that need to be accessed into different TPCS blocks 
from those for local TPCS addresses. 

2. Set the correct TPCS block enable switches on each coupler. 

In this example, coupler A is in TPCS block 1, coupler B is in TPCS block 3, and all other TPCS 
addresses are in TPCS blocks and 2. The TPCS block enable switches of each coupler are set as 
described in Tables C-5 and C-6. Each chassis can have many of the same TPCS addresses allo- 
cated (including system disks at >F800), as long as those addresses are not enabled across the 
couplers. 

Communication between the two 990/1 2s can be accomplished by using either coupler's multi- 
processor interface. (See Appendix A.) However, interprocessor communication requires software 
not presently supplied by Texas Instruments. 
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Table C-5. Chassis A TILINE Expansion With Multiprocessing and Shared Memory 



Slot 


Address 


Chassis B — 

P1 
Circuit Board 


S800 (Includes Standard interrupt Card) 

Interrupt P2 
Level Address Circuit Board 


Interrupt 
Level 


1 


N/A 


990/12 LR SMI 


N/A 


N/A 


990/12 LR SMI 


N/A 


2 


N/A 


990/*12LRAU 


N/A 


N/A 


990/12 LRAU 


N/A" 


3 


>FB10 


512KB Cache 
Controller 


N/A 


>FB10 


512KB Cache 
Controller 


N/A 


4 




1MB Memory Array N/A 




1MB Memory Array 


N/A 


5 


>0B00 
and 
>0B80 


810onCI402 
810onCI402 


7 

7 


>0200 


3270onBCAIM 


3 


6 


>F990 


931 on CI403 


11 


>F990 


931 on CI403 


11 


7 


>F800 


Disk Control B 


9 


>F800 


Disk Control B 


13 


8 


>F880 


Tape 


8 


>F880 


Tape 


14 


9 


>FAE0 


TILINE Coupler 


8 


>FAE0 


TILINE Coupler 


1 


10 


>F980 


931 on CI403 


12 


>F980 


931 on CI403 


11 


11 


>00A0 


- 


3 


>0080 


LP600onLP1 


7 


12 


>F9C0 


931 on CI403 


14 


>F9C0 


931 on CI403 


4 


13 


>0020 


Auto Call 


15 


>0000 


3780onBCAIM 


6 



Examples of switch settings for the chassis A TILINE coupler are as follows: 



Switch 

Option Switches 
Lower Limit 
Upper Limit 
Bias Switches 
TPCS Base 



1 



6 



8 



9 



10 



11 12 



OFF OFF OFF OFF OFF OFF OFF OFF ON OFF OFF OFF 
OFF OFF OFF OFF OFF OFF OFF OFF 
ON ON ON ON ON ON ON ON 
XXXXXXXX 
OFF ON OFF OFF OFF ON 

Switch 



Lower limit 
Upper limit 
Bias 



Memory Address Window 

No Address Window 



SW8-SW12 are TPCS address block enables. 
Vector points in either direction. 
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Table C-6. Chassis B TILINE Expansion With Multiprocessing and Shared Memory 







Chassis B — 


S800 (Includes Standard Interrupt Card) 




Slot 


Address 


P1 
Circuit Board 


Interrupt 
Level 


Address 


P2 
Circuit Board 


Interrupt 
Level 


1 


N/A 


990/12 LR SMI 


N/A 


N/A 


990/12 LR SMI 


N/A 


2 


N/A 


990/12 LRAU 


N/A 


N/A 


990/12 LRAU 


N/A 


3 


>FB10 


512KB Cache 
Controller 


N/A 


>FB10 


512KB Cache 
Controller 


N/A 


4 


N/A 


1MB Memory Array 


N/A 


N/A 


1MB Memory Array 


N/A 


5 


>0B00 

or 
>0B80 


810onCI402 
810onCI402 


7 
7 


>0200 


3270onBCAIM 


3 


6 


>F990 


931 on CI403 


11 


>F990 


931 on CI403 


11 


7 


>F800 


Disk Control B 


9 


>F800 


Disk Control B 


13 


8 


>F880 


Tape 


8 


>F880 


Tape 


14 


9 


>FAE0 


TILINE Coupler 


8 


>FAE0 


TILINE Coupler 


10 


10 


>F980 


931 on CI403 


12 


>F980 


931 on CI403 


11 


11 


>00A0 




3 


>0080 


LP600onLPI 


7 


12 


>F9C0 


931 on CI403 


14 


>F9C0 


931 on CI403 


4 


13 


>0020 


Auto Call 


15 


>0000 


3780onBCAIM 


6 



Examples of switch settings for the chassis B TILINE coupler are as follows: 



Switch 

Option Switches 
Lower Limit 
Upper Limit 
Bias Switches 



1 



6 



8 



OFF OFF OFF OFF OFF OFF OFF OFF ON 

OFF OFF ON ON ON ON ON ON 

OFF OFF ON ON OFF OFF OFF OFF 

OFF OFF ON ON ON ON ON ON 



10 11 12 

OFF OFF OFF 



Switch 

Lower Limit 
Upper Limit 
Bias 



Address Window 

> 180000 
>19FFFF 
> -080000 



SW8-SW12 are TPCS address block enables. 
Vector points in either direction. 
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C.5 TILINE EXPANSION IN MULTIPROCESSING WITH SHARED RESOURCES 

Tables C-7 and C-8 show TILINE expansion in a multiprocessing system, with a shared memory 
space in each chassis and a shared disk controller in chassis B. In this system, CPU A's address 
space looks exactly the same as that in Tables C-5 and C-6, including the memory that is shared 
with CPU B. The address space for CPU B, on the other hand, now ranges from >000000 to 
>17FFFF (1.5M bytes of memory located in chassis B) and from > 180000 to >19FFFF (128K 
bytes of memory located in chassis A). To allow CPU B access to the 128K bytes in chassis A, the 
lower limit, upper limit, and bias switches on the coupler in chassis B are set as described in 
Tables C-7 and C-8. These 128K bytes of memory also appear in the middle of CPU A's address 
space (the middle was an arbitrary choice) in the range from > 100000 to >11FFFF. Thus, both 
CPUs share a 256K-byte memory space in chassis B and a 128K-byte memory space in chassis A. 

In addition to the shared memory, the CPUs share use of disk control B. As in previous examples, 
local TPCS addresses must not be allowed across the couplers, but the couplers must still allow 
any remote TPCS addresses that need to be accessed to cross. In this example, however, the two 
system disks, disk control A and disk control B, should be kept at >F800 to be consistent with the 
recommended TPCS addresses. For both system disks to remain at > F800 and still allow CPU A to 
access disk control B, the operating system in chassis A must use the TPCS bias enable bits of 
TILINE coupler A. Setting word 0, bits 2 and 3 of coupler A causes block 3 TPCS addresses to be 
mapped to block in the remote chassis. TPCS block 3 addresses are enabled by option switch 1 1 , 
which allows CPU A to access disk control B by accessing >F860. Placing TPCS block 3 in the 
biased mode does not affect TPCS blocks 1 or 2. As described in Tables C-7 and C-8, option switch 
9 is also closed (enabling block 1) on the coupler in chassis A, which allows CPU A to access the 
coupler in chassis B at > FAB0. 

With the two shared memory spaces and the shared disk controller, the following transfers are 
possible: 

• CPU A can directly access the shared memory spaces in either chassis. 

• CPU B can directly access the shared memory spaces in either chassis. 

• CPU B can direct disk control B to execute transfers between the disk and the shared 
memory space in chassis B. 

• CPU B can direct disk control B to execute transfers between the disk and the shared 
memory space in chassis A. 

• CPU A can direct disk control B to execute transfers between the disk and the shared 
memory space in chassis B. 

• CPU A can direct disk control B to execute transfers between the disk and the shared 
memory space in chassis A. 
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The last type of transfer is possibly the most interesting demonstration of the TILINE coupler's 
capabilities. To CPU A, the shared 128K-byte memory space in chassis A appears directly as 
> 100000 to >11FFFF, but to disk control B, this same memory space appears as > 180000 to 
>19FFFF. CPU A must determine how addresses on chassis B's TILINE are mapped to chassis 
A's TILINE. CPU A may not have any prior knowledge as to where the shared memory space is 
located in chassis A, or even how large the space is. All this information— the address window as 
it appears in chassis B, the location of the memory space within chassis A, and the size of this 
memory space— is available to CPU A by accessing the TPCS of chassis B's coupler. Once CPU A 
has enabled access to chassis B's coupler (by enabling TPCS biasing of block 3 on the coupler in 
chassis A), it Gan read the switch settings of the lower limit, the upper limit, and the bias, and cal- 
culate all the necessary information. 

NOTE 

CPU B can access disk control A in a similar fashion. By closing 
option switch 1 1 on the coupler in chassis B, CPU B can set up bias- 
ing of TPCS block 3, just as CPU A did, and access disk control A at 
>F860. Meanwhile, CPU B can still access the coupler in chassis A 
at > FAA0. 

The preferred vector direction for this example is towards chassis A, which gives priority to disk 
control B (slowest master device transferring data across couplers). Note that no interrupt exists 
between disk control B and CPU A. This example assumes that CPU A's device service routine 
(DSR) uses polling of disk control B, and that interprocessor communication prevents the CPUs 
from attempting to send commands simultaneously. 

As described in Tables C-5 and C-6, communication between the two 990/1 2s can be accomplished 
by using either coupler's multiprocessor interface. (See Appendix A.) Polling of disk control B, 
interprocessor communication, and control of the TPCS bias enable bits all require special soft- 
ware not presently supplied by Texas Instruments. 
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Table C-7. Chassis A TILINE Expansion — Multiprocessing and Shared Resources 







Chassis A - 


- S800 (Includes Standard Interrupt Card) 




Slot 


Address 

N/A 


P1 
Circuit Board 


Interrupt 
Level 


Address 


P2 
Circuit Board 


Interrupt 
Level 


1 


990/12 LR SMI 


N/A 


N/A 


990/12 LR SMI 


N/A 


2 


N/A 


990/12 LRAU 


N/A 


N/A 


990/12 LRAU 


N/A 


3 


•>FB10 


512KB Cache 
Controller 


N/A 


>FB10 


51 2K Cache 
Controller 


N/A 


4 


N/A 


1MB Memory Array N/A 


N/A 


1MB Memory Array 


N/A 


5 


>0B00 

or 
>0B80 


810onCI402 
810onCI402 


7 
7 


>0200 


3270onBCAIM 


3 


6 


>F980 


931 on CI403 


11 


>F980 


931 on CI403 


11 


7 


>F800 


Disk Control A 


9 


>F800 


Disk Control A 


13 


8 


>F880 


Tape 


8 


>F880 


Tape 


14 


9 


>FAA0 


TILINE Coupler 


8 


>FAA0 


TILINE Coupler 


10 


10 


>F990 


931 on CI403 


12 


>F990 


931 on CI403 


11 


11 


>00A0 




3 


>0080 


LP600onLPI 


7 


12 


>F9C0 


931 on CI403 


14 


>F9C0 


931 on CI403 


4 


13 


>0020 


Auto Call 


15 


>0000 


3780onBCAIM 


6 



Examples of switch settings for the chassis A TILINE coupler are as follows: 



Switch 

Option Switch 
Lower Limit 
Upper Limit 
Bias Switches 
TPCS Base 



1 



8 



9 



10 11 



OFF OFF OFF OFF OFF OFF OFF OFF ON OFF ON 

OFF OFF ON ON ON ON ON ON 

OFF OFF ON OFF OFF OFF OFF OFF 

OFF OFF OFF ON ON ON ON ON 

OFF ON OFF ON OFF ON 



12 



OFF 



Switch 

Lower limit 
Upper limit 
Bias 



Memory Address Window 

> 180000 
>1BFFFF 
> -040000 



SW8-SW12 are TPCS address block enables. 
Vector points toward Chassis A. 
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Table C-8. Chassis B TILINE Expansion — Multiprocessing and Shared Resources 







Chassis B — S800 (Includes Standard Interrupt Card) 




Slot 


Address 


P1 
Circuit Board 


Interrupt 
Level 


Address 


P2 
Circuit Board 


Interrupt 
Level 


1 


N/A 


990/12 LR SMI 


N/A 


N/A 


990/12 LR SMI 


N/A 


2 


N/A 


990/12 LRAU 


N/A 


N/A 


990/12 LRAU 


N/A 


3 


>FB10 


512KB Cache 
Controller 


N/A 


>FB10 


512KB Cache 
Controller 


N/A 


4 


N/A 


1MB Memory Array 


N/A 


N/A 


1MB Memory Array 


N/A 


5 


>0B00 

or 
>0B80 


810onCI402 
810onCI402 


7 
7 


>0200 


3270onBCAIM 


3 


6 


>F990 


931 on CI403 


11 


>F990 


931 on CI403 


11 


7 


>F800 


Disk Control B 


9 


>F800 


Disk Control B 


13 


8 


>F880 


Tape 


8 


>F880 


Tape 


14 


9 


>FAE0 


TILINE Coupler 


8 


>FAE0 


TILINE Coupler 


10 


10 


>F980 


931 on CI403 


12 


>F980 


931 on CI403 


11 


11 


>00A0 




3 


>0080 


LP600onLPI 


7 


12 


>F9C0 


931 on CI403 


14 


>F9C0 


931onCI403 


4 


13 


>0020 


Auto Call 


15 


>0000 


3780onBCAIM 


6 



Examples of switch settings for the chassis B TILINE coupler are as follows: 



Switch 

Option Switches 
Lower Limit 
Upper Limit 
Bias Switches 



1 



6 



8 



9 



OFF OFF OFF OFF OFF OFF OFF OFF ON 

OFF OFF ON ON ON ON ON ON 

OFF OFF ON ON OFF OFF OFF OFF 

OFF OFF ON ON ON ON ON ON 



10 11 12 

OFF OFF OFF 



Switch 

Lower Limit 
Upper Limit 
Bias 



Address Window 

> 180000 
>19FFFF 
> -080000 



SW8-SW12 are TPCS address block enables. 
Vector points toward Chassis A. 
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Alphabetical Index 
Introduction 



HOW TO USE INDEX 



The index, table of contents, list of illustrations, and list of tables are used in conjunction to ob- 
tain the location of the desired subject. Once the subject or topic has been located in the index, 
use the appropriate paragraph number, figure number, or table number to obtain the corre- 
sponding page number from the table of contents, list of illustrations, or list of tables. 

INDEX ENTRIES 

The following index lists key words and concepts from the subject material of the manual together 
with the area(s) in the manual that supply major coverage of the listed concept. The numbers along 
the right side of the listing reference the following manual areas: 

• Sections — Reference to Sections of the manual appear as "Sections x" with the sym- 
bol x representing any numeric quantity. 

• Appendixes — Reference to Appendixes of the manual appear as "Appendix y" with the 
symbol y representing any capital letter. 

• Paragraphs — Reference to paragraphs of the manual appear as a series of 
alphanumeric or numeric characters punctuated with decimal points. Only the first 
character of the string may be a letter; all subsequent characters are numbers. The first 
character refers to the section or appendix of the manual in which the paragraph may be 
found. 

• Tables — References to tables in the manual are represented by the capital letter T 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the table). The second character is followed by a 
dash (-) and a number. 

Tx-yy 

• Figures — References to figures in the manual are represented by the capital letter F 
followed immediately by another alphanumeric character (representing the section or 
appendix of the manual containing the figure). The second character is followed by a 
dash (-) and a number. 

Fx-yy 

• Other entries in the Index — References to other entries in the index preceded by the 
word "See" followed by the referenced entry. 
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Index 



Access Granted Jumper, TILINE 2.11 

ACKTOAUX 3.8.4.3, 3.8.5.7 

Mask 3.8.4.6, 3.8.5.2 

ACKTOHOST 3.8.4.7, 3.8.5.3 

Mask 3.8.4.2, 3.8.5.6 

Address! 

Bias Switch, TILINE 1.6.3, 2.12.3, T2-5 

Block Through Block4,TPCS T1-8 

CRU 1.3,3.1.1 

Base 1.3, F1-2 

Expansion Chassis 1.3 

Interrupt Word 2.2.1 

Lower Limit Switch, 

TILINE 1.6.3, 2.12.2, T2-3 

Switch, TPCS Base 1.6.4, 2.12.1, T2-2 

Upper Limit Switch, 

TILINE 1.6.3, 2.12.2, T2-4 

ATTNTOAUX 3.8.4.1, 3.8.5.5 

Mask 3.8.4.8, 3.8.5.4 

ATTNTOHOST 3.8.4.5, 3.8.5.1 

Mask 3.8.4.4, 3.8.5.8 

Auxiliary: 

Processor A.2.2 

Word, Multiprocessor 3.8.5 

Backplane: 

CRU Signal Definitions T3-1 

TILINE Signal Definitions T3-3 

Base Address: 
CRU 13 F1*2 

Switch, T PCS .' .' ." .' .' .' .' .' .' ." .'1.6.4,2.12.1', T2-2 
Bias: 

Enable, TPCS T3-5 

Switch, TILINE Address . .1.6.3, 2.12.3, T2-5 

TPCS T1-9 

Bit Assignments, TILINE Coupler TPCS . .3.8 

Bit Enable 3.8.2.1 

Block Diagram: v 

CRU Buffer 3.3, F3-5 

CRU Expander 3.3, F3-5 

TILINE Coupler Interrupt F3-11 

Block Through Block 4, 

TPCS Address T1-8 

Board, Programmable Interrupt FB-1 

Buffer: 

CRU 1.4 

Block Diagram 3.3, F3-5 

Cabling 2.9 

Chassis Slot 2.6 

Interrupt 2.7 

Jumper Options 1.4.5,2.8, F2-2 

Options T1-4 

Photograph F1-6 

Physical Description 1.4.4 

Specifications 1.4.6, T1-5 

Cabling: 
CRU: 

Buffer 2.9 

Expander 2.5 



Expansion 1 .4.7 

Maximum F1-9 

Minimum F1-7 

Single-Expander F1-8 

TILINE Coupler 1.7, 2.13, F1-1 1 

Chart, TILINE Coupler Switch F2-4 

Chassis: 

Address, CRU Expansion 1.3 

Expansion 1 .4 

Reset 3.6 

Slot: 

CRU Buffer 2.6 

CRU Expander 2.2 

TILINECoupler 2.10 

TILINE Expansion: 
With Multiprocessing and Slaves, 

Expansion TC-4 

With Multiprocessing and Slaves, 

Master TC-3 

With Slaves Only, Expansion TC-2 

With Slaves Only, Main TC-1 

Chassis A TILINE: 
Expansion With Multiprocessing 

and Shared TC-7 

Expansion With Multiprocessing 

and Shared Memory TC-5 

Chassis B TILINE: 
Expansion With Multiprocessing 

and Shared TC-8 

Expansion With Multiprocessing 

and Shared Memory TC-6 

Communications Register Unit 1.3 

Comparison to Model 990/1 0A 

Multiprocessor A-6 

Configuration, Multiprocessor A-4, A-8 

Connections, Simplified CRU F1-1.F1-4 

Connector, Display Panel F2-3 

Connectors, CRU Expander .T2-1 

Control Vector, TILINE 1.7 

Coupler: 

Cabling, TILINE 1.7,2.13, F1-11 

Chassis Slot, TILINE 2.10 

In Slot 1 , Sample Interrupt Wiring 

Schematic With TILINE FB-3 

In Slot 2, Sample Interrupt Wiring 

Schematic With TILINE FB-2 

Interrupt: 

Block Diagram, TILINE F3-11 

TILINE 3.7 

Operation, TILINE 3.5.1 

Option Verify 3.8.6 

Parity Error: 

Interrupt, TILINE 3.7.1.3 

TILINE 3.7.1.3, F3-13 

Photograph, TILINE F1-10 

Physical Description, TILINE 1.6.1 

Reset Options, TILINE F3-10 

Signal Flow, TILINE F3-7 

Specifications, TILINE 1.6.4, T1-10 

Status and Control, TILINE 3.8 
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Switch: 

Chart, TILINE F2-4 

Options, TILINE 1.6.2, T1-7 

Settings, TILINE 2.12 

TILINE 1.6 

Timing, TILINE 3.5.1, F3-8 

TPCS Bit Assignments, TILINE 3.8 

Crossed Cables 3.8.1.10 

CRU 1.3 

Address 1.3,3.1.1 

Base Address 1.3, F1-2 

Buffer 1.4 

Block Diagram 3.3, F3-5 

Cabling 2.9 

Chassis Slot 2.6 

Interrupt 2.7 

Jumper Options 1.4.5,2.8, F2-2 

Options T1-4 

Photograph F1-6 

Physical Description 1.4.4 

Specifications 1 .4.6, T1-5 

Connections, Simplified F1-1 , F1-4 

Expander 1 .4 

Block Diagram 3.3, F3-5 

Cabling 2.5 

Chassis Slot 2.2 

Connectors T2-1 

Interrupt 2.2.2 

Jumper Options 1.4.2,2.4, F2-1,T1-2 

Photograph F1-5 

Physical Description 1.4.1 

Specifications 1.4.3, T1 -3 

Expansion: 

Cabling 1.4.7 

Maximum . . F1-9 

Minimum F1-7 

Single-Expander F1-8 

Chassis Address 1.3 

Interconnections 3.2 

Kit F1-3,TM 

Signal Flow 3.2, F3-4 

Instruction: 
Format: 

LDCR F3-2 

Single-Bit F3-1 

STCR F3-3 

Multiple-Bit 3.1.2 

Single-Bit 3.1.1 

Interrupt: 

Vector 2.2.1,3.3.1, F3-6 

Word Address 2.2.1 

Signal Definitions: 

Backplane T3-1 

Interchassis T3-2 

Direct: 

Maskable Interrupt, Enabling B.2 

Nonmaskable Interrupt, Enabling B.1 

Display Panel 1 .4 

Connector F2-3 



Enabling, Direct: 

Maskable Interrupt B.2 

Nonmaskable Interrupt B.1 

Error, TILINE Coupler Parity F3-13 

Expander, CRU 1 .4 

Block Diagram 3.3, F3-5 

Cabling 2.5 

Chassis Slot 2.2 

Connectors T2-1 

Interrupt 2.2.2 

Jumper Options 1 .4.2, 2.4, F2-1 , T1-2 

Photograph F1-5 

Physical Description 1.4.1 

Specifications 1.4.3, T1-3 

Expansion: 
Cabling: 

CRU 1.4.7 

Maximum CRU F1-9 

Minimum CRU F1-7 

Single-Expander CRU F1-8 

Chassis 1.4 

Address, CRU 1.3 

TILINE Expansion With 

Multiprocessing and Slaves TC-4 

TILINE Expansion With Slaves 

Only TC-2 

In Multiprocessing With Shared 

Memory, TILINE C.4 

In Multiprocessing With Shared 

Resources, TILINE C.5 

Interconnections: 

CRU 3.2 

TILINE 3.4 

Kit: 

CRU F1-3,T1-1 

TILINE T1-6 

Signal Flow: 

CRU 3.2, F3-4 

TILINE 3.4 

TILINE 1.6 

With Masters and Slaves, TILINE C.3 

With Multiprocessing and: 
Shared Memory, Chassis A 

TILINE TC-5 

Shared Memory, Chassis B 

TILINE TC-6 

Shared Resources, Chassis A 

TILINE TC-7 

Shared Resources, Chassis B 

TILINE TC-8 

Slaves, Expansion Chassis 

TILINE TC-4 

Slaves, Master Chassis TILINE TC-3 

With Slaves Only, TILINE C.1 

Expansion Chassis TILINE TC-2 

Main Chassis TILINE TC-1 

Force Parity Error 3.8.1.4 

Format: 
LDCR CRU Instruction F3-2 
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Single-Bit CRU Instruction F3-1 

STCR CRU Instruction F3-3 

TPCS Word F3-15 

Hold, TILINE 3.5.3.2 

Host Processor A.3 

Host Word, Multiprocessor 3.8.4 

Indicator, Power 1 .4.4 

Instruction: 
Format: 

LDCR CRU F3-2 

Single-Bit CRU F3-1 

STCR CRU F3-3 

Multiple-Bit CRU 3.1 .2 

Single-Bit CRU 3.1.1 

Interchassis: 

CRU Signal Definitions T3-2 

Interrupt: 

Mask 3.8.4.4 

Maskable 3.7.1.1, F3-12 

Nonmaskable 3.7.1.1 

TILINE Signal Definitions T3-4 

Interconnections: 

CRU Expansion 3.2 

TILINE Expansion 3.4 

Interrupt: 

Block Diagram, TILINE Coupler F3-11 

Board, Programmable FB-1 

CRU Buffer 2.7 

CRU Expander 2.2.2 

Enabling: 

Direct Maskable B.2 

Direct Nonmaskable B.1 

Mask, Interchassis 3.8.4.4 

Maskable Interchassis ..... .3.7.1.1, F3-12 

Multiprocessor A.2, TA-1 , TA-2 

Nonmaskable Interchassis 3.7.1.1 

TILINE: 

Coupler 3.7 

Coupler Parity Error 3.7.1.3 

Multiprocessor 3.7.2 

Vector, CRU 2.2.1 , 3.3.1 , F3-6 

Wiring Interchassis B.3 

Wiring Schematic With TILINE Coupler: 

In Slot 1 , Sample FB-3 

In Slot 2, Sample FB-2 

Word Address, CRU 2.2.1 

Interrupts, Multiprocessor F3-14 

Jumper Options: 

CRU Buffer 1.4.5,2.8, F2-2 

CRU Expander 1 .4.2, 2.4, F2-1 , T1 -2 

Jumper, TILINE Access Granted 2.11 

Kit: 

CRU Expansion F1-3, T1-1 

TILINE Expansion T1-6 

Latched Data 3.8.3 



LDCR 1.3,3.1.2 

CRU Instruction Format F3-2 

Limit Switch: 
TILINE Address Lower . . .1.6.3, 2.12.2, T2-3 
TILINE Address Upper . . .1.6.3, 2.12.2, T2-4 

Local Chassis: 

Master Disable 3.8.1.2 

Slave Disable 3.8.1.1 

Lower Limit Switch, 
TILINEAddress 1.6.3, 2.12.2, T2-3 

Main Chassis TILINE Expansion With 

Slaves Only TC-1 

Mapping, TPCS T1-9, T3-5 

Mask: 

ACKTOAUX 3.8.4.6, 3.8.5.2 

ACKTOHOST 3.8.4.2, 3.8.5.6 

ATTNTOAUX 3.8.4.8, 3.8.5.4 

ATTNTOHOST 3.8.4.4, 3.8.5.8 

Interchassis Interrupt 3.8.4.4 

Maskable: 

Direct Interrupt Pending 3.8.1.11 

Interchassis Interrupt 3.7.1.1, F3-12 

Interrupt, Enabling Direct B.2 

Master: 
Chassis TILINE Expansion With 

Multiprocessing and Slaves TC-3 

TILINE 1.5.1 

Maximum CRU Expansion Cabling F1-9 

Memory, Shared: 
Chassis A TILINE Expansion With 

Multiprocessing TC-5 

Chassis B TILINE Expansion With 

Multiprocessing TC-6 

Minimum CRU Expansion Cabling F1-7 

Model 990/10A Multiprocessor, 

Comparison to A.6 

Module Select 1 .3 

Multiple-Bit CRU Instruction 3.1.2 

Multiprocessing and: 
Shared Memory: 
Chassis A TILINE Expansion With . .TC-5 
Chassis B TILINE Expansion With . .TC-6 
Shared Resources: 
Chassis A TILINE Expansion With . .TC-7 
Chassis B TILINE Expansion With . .TC-8 
Slaves: 
Expansion Chassis TILINE 

Expansion With TC-4 

Master Chassis TILINE 

Expansion With TC-3 

Multiprocessor FA-1, FA-2 

Auxiliary Word .3.8.5 

Comparison to Model 990/1 OA A.6 

Configuration A.4, A.8 

Host Word 3.8.4 

Interrupt A.2, TA-1 , TA-2 

TILINE 3.7.2 

Interrupts F3-14 

Operating Sequence A.5 
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Nonmaskable Interrupt, Enabling Direct . . B.1 
Nonmaskable Interchassls 
Interrupt 3.7.1.1 

Operating: 

Procedures 2.14 

Sequence, Multiprocessor A.5 

Operation, TILINE Coupler 3.5.1 

Option Verify, Coupler 3.8.6 

Options: 
CRU: 

Buffer T1-4 

Jumper . . . 1.4.5,2.8, F2-2 

Expander Jumper ... 1 .4.2, 2.4, F2-1 , T1-2 
TILINE Coupler: 

Reset F3-10 

Switch 1.6.2, T1-7 

Parity Error: 

Interrupt Enable 3.8.1.5 

Interrupt, TILINE Coupler 3.7.1.3 

Status ...3.8.1.6 

TILINE Coupler 3.7.1.3, F3-13 

Peripheral Control Space, TILINE 1.5.2 

Photograph: 

CRU Buffer F1-6 

CRU Expander F1-5 

TILINE Coupler F1-10 

Physical Description: 

CRU Buffer 1.4.4 

CRU Expander 1.4.1 

TILINE Coupler 1.6.1 

Power Indicator 1 .4.4 

Power-On, Remote 3.8.1.8 

Power Up 2.14 

Procedures, Operating 2.14 

Processor: 

Auxiliary A.3.1 

Host A.3 

Programmable Interrupt Board FB-1 

Remote Power-On 3.8.1.8 

Reset: 

Chassis 3.6 

Options, TILINE Coupler F3-10 

Sample Interrupt Wiring Schematic: 

With TILINE Coupler in Slot 1 FB-3 

With TILINE Coupler in Slot 2 FB-2 

SBO 1.3,3.1.1 

SBZ 13 3 11 

Schematic With TILINE ; Coupler: 

In Slot 1, Sample Interrupt Wiring FB-3 

In Slot 2, Sample Interrupt Wiring FB-2 

Sequence, Multiprocessor Operating A.5 

Settings, TILINE Coupler Switch 2.12 

Shared Memory: 
Chassis A TILINE Expansion With 

Multiprocessing and TC-5 

Chassis B TILINE Expansion With 
Multiprocessing and TC-6 



Shared Resources: 
Chassis A TILINE Expansion With 

Multiprocessing and TC-7 

Chassis B TILINE Expansion With 

Multiprocessing and TC-8 

Shift/Load 3.8.1.7 

Signal Definitions: 
Backplane: 

CRU T3-1 

TILINE T3-3 

Interchassis: 

CRU T3-2 

TILINE T3-4 

Signal Flow: 

CRU Expansion 3.2, F3-4 

TILINE: 

Coupler F3-7 

Expansion 3.4 

Simplified CRU Connections F1-1.F1-4 

Single-Bit CRU Instruction 3.1.1 

Format F3-1 

Single-Expander CRU 

Expansion Cabling F1-8 

Slave, TILINE 1.5.1 

Slaves: 
Expansion Chassis TILINE Expansion 

With Multiprocessing and TC-4 

Master Chassis TILINE Expansion 

With Multiprocessing and TC-3 

Slaves Only: 
Expansion Chassis TILINE 

Expansion With TC-2 

Main Chassis TILINE 

Expansion With TC-1 

Slot: 

CRU Buffer Chassis 2.6 

CRU Expander Chassis 2.2 

TILINE Coupler Chassis 2.10 

Specifications: 

CRU Buffer 1 .4.6, T1 -5 

CRU Expander 1.4.3, T1-3 

TILINECoupler 1.6.4, T1-10 

Status and Control, TILINE Coupler 3.8 

STCR 1.3,3.1.2 

CRU Instruction Format F3-3 

Switch: 

Chart, TILINE Coupler F2-4 

Options, TILINE Coupler 1.6.2, T1-7 

Settings, TILINE Coupler 2.12 

TILINE Address: 

Bias 1 .6.3, 2.1 2.3, T2-5 

Lower Limit 1.6.3, 2.12.2, T2-3 

Upper Limit 1 .6.3, 2.12.2, T2-4 

TPCS Base Address 1.6.4, 2.12.1, T2-2 

TB 1.3,3.1.1 

TILINE: 

Access Granted Jumper 2.1 1 

Address Switch: 

Bias 1 .6.3, 2.12.3, T2-5 

Lower Limit 1 .6.3, 2.1 2.2, T2-3 
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Upper Limit 1.6.3, 2.12.2, T2-4 

Control Vector 1.7 

Coupler 1 -6 

Cabling 1.7,2.13, F1-11 

Chassis Slot 2.10 

In Slot 1, Sample Interrupt 

Wiring Schematic With FB-3 

In Slot 2, Sample Interrupt 

Wiring Schematic With FB-2 

Interrupt -. 3.7 

Block Diagram F3-1 1 

Operation 3.5.1 

Parity Error 3.7.1.3, F3-13 

Interrupt 3.7.1.3 

Photograph F1-10 

Physical Description 1.6.1 

. Reset Options F3-10 

Signal Flow F3-7 

Specifications 1.6.4, T1-10 

Status and Control 3.8 

Switch: 

Chart F2-4 

Options 1.6.2, T1-7 

Settings 2.12 

Timing 3.5.1, F3-8 

TPCS Bit Assignments 3.8 

Expansion 1.6 

In Multiprocessing With 

Shared Memory • C.4 

In Multiprocessing With 

Shared Resources C.5 

Interconnections 3.4 

Kit T1-6 

Signal Flow 3.4 

Expansion With Masters and Slaves . . .C.3 
Expansion With Multiprocessing and: 

Shared Memory, Chassis A TC-5 

Shared Memory, Chassis B TC-6 

Shared Resources, Chassis A TC-7 

Shared Resources, Chassis B TC-8 

Slaves, Expansion Chassis TC-4 

Slaves, Master Chassis TC-3 

Expansion With Slaves Only C.I 

Expansion Chassis TC-2 

Main Chassis TC-1 

Hold 3.5.3.2 

Master 1 .5.1 

Multiprocessor Interrupt 3.7.2 



Peripheral Control Space 1.5.2 

Signal Definitions: 

Backplane T3-3 

Interchassis T3-4 

Slave ". 1.5.1 

Timeout 3.5.3.3 

Wait 3.5.3.1 

Timeout, TILINE 3.5.3.3 

Timing: 

TILINE Coupler 3.5.1, F3-8 

Wait F3-9 

TPCS 1-5.2 

Address Block Through Block 4 T1-8 

Base Address Switch 1.6.4, 2.12.1, T2-2 

Bias T1-9 

Enable 3.8.1.3, T3-5 

Bit Assignments, TILINE Coupler 3.8 

Mapping T1-9, T3-5 

Word Format F3-15 

WO T3-6 

W4 T3-7 

Upper Limit Switch, 
TILINE Address 1.6.3, 2.12.2, T2-4 

Vector: 

CRU Interrupt 2.2.1,3.3.1, F3-6 

Direction 3.8.1.9 

TILINEControl .1.7 

Verify, Coupler Option 3.8.6 

Wait: 

TILINE 3.5.3.1 

Timing F3-9 

Wiring Interchassis interrupt B.3 

Wiring Schematic With TILINE Coupler: 

In Slot 1, Sample Interrupt FB-3 

In Slot 2, Sample Interrupt FB-2 

Word: 

Address, CRU Interrupt 2.2.1 

Format, TPCS F3-15 

Multiprocessor Auxiliary 3.8.5 

WO . . . 3.8.1,3.8.2^3-6 

W1 3.8.3 

W2 3.8.4 

W3 3.8.5 

W4 3.8.6, T3-7 
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